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TREATMENT OF A CARDIOVASCULAR INDICATION BY DELIVERY 
OF THERAPEUTICS TO THE PERICARDLU- SPACE 

Field ofihc Invcniion 

The invention relates to the delivery of therapeutic agents to the 
pericardial space for the treatment of a variety of cazdiovasoilar indications. The 
therapeutic agents of the invention include drugs and polynucleotides; the drugs 
and polynucleotide therapeutic agents may be formulated in a variety of buffers, 
excipients, liposomes^ particles, polymers, gels, matikes, or any composition 
facilitating effective delivery to the pericardium, myocardium, coronary vessels, 
or designated cardiac target location. The polynucleotide therapeutics of the 
invention may also be incorporated into viral or non*viral vectors for delivery. 
The therapeutic compositions of the invention are delivered to the pericardia] 
space by a variety of delivery means. 

Background of the Invention 

Presently, most cardiovascular therapeutics are delivered either orally or 
intravascularly, by percutaneous carmulation of the systemic venous systems, i.e. 
standard intravenous therapy. With specialized catheters and delivery devices, 
cardiovascular therapeutics can be also delivered close to or directly into the 
heart, through caimulation of the great venous structures (i.e. superior or inferior 
vena cava, subclavian vein, etc.) or cannulation of the coronary arterial or 
pulmonary arterial circulation. Because oral or intravascular drug delivery 
generally results in significant systemic exposure to the agent being delivered, 
many past methods of drug delivery to the hean have cither been limited by 
complications of systemic toxicity, or have employed suboptimal amounts of 
therapeutic agents in order to avoid systemic toxicity. A few of the classes of 
drugs that have been delivered by the above methods to treat a variety of 
cardiovascular conditions and have been known to result in systemic toxicity 
include anti-arrythmics. calcium charuicl blockers, beta-blockers, contracniity 
improving agents, afterload reducers, preload reducers, irtununosuppressive 
agents, antibiotics, and anti-inflammatory agents. Specific examples of drugs in 
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each of the above categories, respectively, include amiodaronc, verapamil, 
propranolol, digitalis, hydralazine, nitroglycerin, cyclosporin, isoniazid, and 
prednisone. 

In the trcaunent of coronary artery restenosis, following percutaneous 

5 tiansluminai coronary angioplasty, the local delivery of anii-rcstenosis agents 
directly into the coronary vasculature, either at the endoluxnixial sur£ace or within 
the coronary vessel wall via a variety of catheters and coated stents^ has become 
increasingly popular. The basic premise for such delivery is that it allows higher 
concentrations and more prolonged administration of these agents to be achieved 

10 at the padiological site than is practical or achievable with systemic 

administration. Local drug delivery thereby offers the potential benefits of 
increasing therapeutic cflEicacy while reducing systemic toxicity or, in other 
words, increasing the '^therapeutic index" of the delivered agent However, 
because the delivery of therapeutic agents to the endoluminal surface of the 

15 coronary vasculature generally subjects these agents to the vigorous blood flow of 
the coroixary artery, the retention of these agents at the desired site is often 
problematic. Drug-impregnated gels or polymers deposited at the endohiminal 
surface of coronary vessels can prolong drug retention at the desired site but 
generally suffer from a relatively limited drug storage capacity and, in addition, 

20 pose at least theoretical problems related to the gels or polymers themselves such 
as fragmentation, distal embolization, and inflammation, among other concerns. 
Prolonged retention of therapeutic agents deposited within the coronary vessel 
wall itself is hampered by many obstacles including dissipation by drainage by 
either passive diffusion or via vaso vasortim from the coronary vessel waU and 

25 also by the limited capacity of the vessel wall as a drug depot site. 

It would be advantageous to develop other methods of «atment of 
patients having cardiovascular conditions that reduce adverse side effects and 
heighten efficacy. 



30 



Nummary of thg Invention 

It is therefore, an object of the present invcnnon to provide a method of 
treatment or prevention of a cardiovascular indication by administering a 
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therapeutically effective amount of a drug or a polynucleotide, or a combination 
of the two locally into the pericardial space. 

It is a further object of the invention that the drug or polynucleotide is 
encapsulated in liposomes, including any liposomal composition such as 
cyclodextrin liposomes, heterovesicular liposomes, DepoFoaro<8) and synthetic 
membrane vesicles. It is also contemplated by the invention that the drug or 
polynucleotide is delivered in other formulations commonly known in the art, 
including buffers, excipients, polymers, gels such as Focalgel®, and other 
matrices. 

Where the therapeutic agent is a polynucleotide, it is an object of the 
invention that the polynucleotide is in a plasmid or a vector such as a viral vector, 
alone or also in a liposomal composition or other formulation commonly known 
in the art. 

It is a further object of the invention that the therapeutic agent that is 
administered into the pericardial space, whether a drug or polynucleotide, or 
combination of the two, be one of the following: an anti-apoptotic agent, a 
thrombolytic agent, a pro-angiogenic agent, a complement blocker, an inhibitor of 
reperfusion injury, an anti-arrhythmic agent a contractility improving agent, a 
myocyte growth fector, a vasoactive agent, an anti-hypcrtcnsive agent, a calcium 
channel blocker, a beta-blocker, an afterload reducer, a preload reducer, an anti- 
inflammatory agent, an immunomodulating or immunosuppressive agent, a free 
radical scavenging agent, an inhibitor of reactive oxygen metabolites, an anti- 
thrombotic agent, an anti-platelet agent, an anti-integrin agent, an anti- 
proliferative agent, a pro-apoptotic agent, an anti-angiogenic agent, and 
antibiotics, incltiding anti-bacterial, anti-viral, anti-fungal, and anti-parasitic 
agents, and antitumor agents, including chemotherapeutic agents, radiauon 
sensitizers, and radioactive implants, and a biologically acnve fragment or 
chimera of one of these molecules. 

Employment of the method of the invention has the further object to 
prevent, treat, or reduce the attendant effects or complications of the following 
cardiovascular conditions: 
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1 ) atherosclerosis, and conditions that pnuiispose to pathological 
atherosclerotic plaque development in the coronary arteries including: 

-lipid/choicsteroi deposition, 
•macrophage/inflanunatory cell recruitment, 
5 -plaque rupture, 

.thrombosis, 
-platelet deposition, and 
-neointimal proliferation; 

2) ischemic syndromes and anendant syndromes, including but not 
10 limited to: 

-myocardial infarction, 
-stable and unstable angina, 

-coronary artery restenosis following percutaneous transluminal 
coronary angioplasty, and 
1 5 -rcpcrfusion injury, 

3) cardiomyopathies, including but not limited to cardiomyopathies 
caused by or associated with: 

•ischemic syndromes, 

-cardiotoxins such as alcohol and chemotherapeutic agents like 
20 adriamycin, 

-infections, such as viral (CMV) and parasitic, such as caused by 

Trypanosoma cruzi, 

-hypertension, 

-metabolic diseases, including but not limited to uremia, beriberi, 
25 glycogen storage disease, 

-radiation, 

-neuromuscular disease, such as Duchcnnc^s muscxilar dystrophy, 
-infiltrative diseases (including but not limited to sarcoidosis, 
hemochromatosis, amyloidosis, Fabry's disease, Hurler's 
30 syndrome, 
-u-auma. and 
-idiopathic caiiscs: 
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4) a/dysnhythmias, including but not Umited.to a/dysnhythmias 
resulting from the same cauMs listed above for caidiomyopathies; 

5) infections, including bacterial, viral, fungal, and parasitic causes: 

6) cardiac minors: 

7) inflammatory conditions, including but not limited to myocarditis, 
pericarditis, endocarditis, immune cardiac rejection and conditions resulting from 
idiopathic, autoimmune, or connective tissue diseases; and 

i) hypcnension. 

It is a funher object of the invention that where the agent used for 
treatment of coronary artery occlusion . the agent is selected from an inhibitor of 
lipid or cholesterol synthesis or deposition, such as fish oil. HMG. an inhibitor of 
macrophage or inflammatory cell recruitment or activation, such as NF-tcB 
inhibitors like IicB. pyrolidine dithiocarbamate (PDTC). and N-acetyl cysteine 
(NAC), microtubule inhibitors like colchicine and Taxol, anti-inflammatory 
agents such as those mentioned below, an anti-thrombotic agent as described 
below under treament of ischemic syndromes, an antiplatelet agent as described 

below under treatment of ischemic syndromes, and an inhibitor of ncointimal 
proliferation as described below under anti-proliferarive agents. 

It is yet another object of the invention that, where the agent used is 

directed to the prevention, treatment, or reduction of attendant effects of the 

myocardial ischemic syndromes, the agem is selected from an anti-apoptotic 

agent, such as an inhibitor of interleukin I b converting enzyme; a thrombolytic 

agent, such as tissue plasminogen activator (TPA). urokinase plasminogen 

activator (UPA), urokinase, streptokinase, inhibitors of a2 plasmin inhibitor, and 

inhibitors of plasminogen activator inhibitor-1; a pro-ar.giogenic agent, such as 

basic and acidic fibroblast growth factor. FGF-5. vascular endothelial growth 

factor, angiogenin. transforming growth fector alpha and beta, nimor necrosis 

factor alpha, platelet derived growih factor, placental growth factor, hepatocyte 

growTh factor, and proliferin; a complemem blocker, such as decay accelerating 

factor, an inhibitor of reperftjsion injury, such as CAB-2; a calcium channel 

blocker, such as diitiazem: a beta-blocker, such as propranolol; an aftcrload 

reducer, such as hydralazine; a preload reducer, such as nitroglycerin: an anti- 
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thrombotic agcni, such as tissue factor pathway inhibitor (TFPI), hq)arin, hinidin, 
protein protein S» anti-thrombin III, tick anti-coaguiant peptide (TAP), and 
antistasin; an antiplatelet agent, such as a glycoprotein Ilb/IIIa antagonist, cyclo- 
oxygenase inhibitors like aspirin or non-steroidal anti-inflanunatory agents, 
5 prostacylin, or agents that increase platelet cAMP; anti-proliferaiive agents, such 
as a ribozymes, antisense oligonucleotides, antibodies, protein* peptide, or small 
molecule inhibitors against c-myb, ras/raf, P13 kmase, cyclins, or such as suickie 
proteins/genes like Herpes thymidine kinase or proapoptotic proteins/genes like 
fas, faf, intcrleukin lb convening enzyme; inhibitor of reactive oxygen 

10 metabolites, such as superoxide dismutase, N-acetyi cysteine, pyrolidine 

dithiocarbamatc (PDTC), vitamin E derivatives, and mctaJ ion chelators; or an 
anti-angiogenic agent, such as platelet factor 4, thrombospondin, a tissue inhibitor 
of a metalloproieinase, prolactin, bFGF soluble receptor, angiostatin, TFG-P, 
intcrfcron-a, and prolifcrin-related protein. In all cases above where the agent is 

15 a protein, a biologically active fragment or a chimera thereof is also 
contemplated, as is the expression of the gene encoding the protein. 

It is a further object of the invention that where the agent used for 
treatment is intended to improve or prevent cardiomyopathy, the agent is selected 
from the same list as for treatment of ischemic syndromes above, since ischemic 

20 syndromes are a leading cause of cardiomyopathy. In addition, other agents 

which may be used to treat or prevent cardiomyopathy from other causes include 
a contractility improving agent, such as digitalis; a myocyte growth factor, such 
as insulin-like growth factor 1 (IGF-1), cardioprotective agents, such as 
Cardioxanc; an iron-chelating agent, such as desferoxamine; anti-viral or anti- 

25 parasitic agents, a free radical scavenger, such as superoxide dismuiase; or the 
replacement of genes or proteins that may be deficient or downrcgulated during 
the development of cardiomyopathy, such as troponin C or the beta-adrenergic 
receptor. In all cases above where the agent is a protein, a biologically active 
fragment or a chimera thereof is also contemplated, as is the expression of the 

30 gene encoding the protein. 

Yet another object of ±e invention is that where the agent used for treatment is an 
anti-arrhythmic agent, the agent is selected from any of numerous known anti- 
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arrhythmics incliiding adenosine, quiiiidine, propranolol, digoxin. lidocaine, bretylium, 
amiodarone, and verapamil. 

Still anotiier objea of the invention is that, where the agent used for treatment is 
an antibiotic agent, the agent is selected from antibacterial, antivtrais anti-fixngal, and 
antiparasitic agents. 

Yet another object of the invention is that, where the agent used for treatment is 
an aruitumor agent, the agent is selected &om cbemoihcrapeutic agents or radiation 
sensitizers or radioactive implants. 

A further objea of the invention is that, where the agent used for treatment is an 
anti -inflammatory agent, the agent is selected from anti-inflammatory or 
immunomodulating agents including, but not limited to, steroids, non-steroidal anti* 
inflammatory agents, cyclosporin, chemotherapeutic agents, and complement inhibitors. 

Sdll anodier object of the invention is that, where the agent used for treatment is 
an anti-hypertensive agent, the agent is selected from any of numerous known anti- 
hypertensive agents including but not limited to hydralazine, propranolol, atrial naturetic 
peptide, and endothelin antagonists. 

Accordingly, it is an object of the present mvention to provide dr^igs or 
polynucleotides deEvered to the pericardial space, in an appropriate formidauon, selected 
from the group of an anti-apoptoiic agent, a thrombolytic agent, a pro-angiogenic agent, 
an anti-arrythmic agent, a contractility improving agent, a complement blocker, an 
inhibitor of rcperfusion injury, an calcium channel blocker, a beta-blocker, an aiterload 
reducer, a preload reducer, an antithrombotic agent, an anti-platelet agent, anti- 
proliferative agent, an anti-inflammatory agent, an immunomodulating agent, an 
immunosuppressive agent, an inhibitor of reactive oxygen metabolites, an anU- 
angiogcnic agent, a myocyte growth factor, a vasoactive agent, a cardioprotective agent, 
an iron-chelating agent, an anri-hypencnsivc agent, an anti-intcgrin agent, a pro- 
apoptouc agent, an anti-viral agent, an anti-parasitic agent, a free radical scavenger, and 
genes or proteins that may be deficient or downrcgulated during the development of 
cardiomyopathy, including m)ponin C or the beta-adrenergic receptor, and a biologically 
active fragment or a chimera thereof. 
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Yet another object of the invcmion is to deliver the theapcutic agent into 
the pericardial space by injection, calhcterizalion, lascr-cicatcd perfusion 
channels, cannulation, particle gun, or pump. 

An additional object of the invention is that the access of the therapeutics 
5 to the myocardial tissue is increased by such steps including, for example, 
increasing agent penetration of the myocardium and by creating myocardial 
perfusion chaxmels by laser. It is an object of the invention that increasing 
penetration of the myocardium is accomplished by first administering to the 
pericardial space proangiogenic facton to increase vascularization of myocardial 
0 tissue and subsequently administering a therapeutic agem into the pericardial 
space or specifically formulating agents to increase their tissue penetration. 

In accordance with another object of the invention, there is provided a 
method of augmenting the efficacy of myocardial revascularization by laser by 
administering a therapeutic agent, such as a proangiogenic agent like bFGF, into 
15 the pericardial space in close proximity to the laser revascularization procedure. 

In accordance to one of the objects of the present invention, there is 
provided a method of treatment or prevention of a cardiovascular indication in a 
patient comprising administering intrapericardially to the patient a 
pharmaceutical composition comprising a therapeutically effective amount of a 
20 first therapetitic agent, wherein the first therapeutic agent comprises a 
polynucicodde. 

In accordance with another object of the present invendon, there is 
provided a kit for intrapcricardial delivery of a pharmaceutical composition for 
treatment or prevention of a cardiovascular indication comprising a catheter and 
25 the pharmaceutical composition that comprises a polynucleotide and a drug. 

In accordance to a further object of the present invention, there is 
provided a pharmaceutical composition for intrapcricardial delivery for treatment 
of a cardiovascular indications comprising a first therapeutic agent that comprises 
a polynucleotide and a drug. 
30 In accordance to another object of the invention the polynucleotide is flanked by 

nucleotide sequence suitable for integration into genome of myocytes. 
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In accordance to a further object the polynucleotide administered encodes 
L-aromatic amino acid decarboxylase. In accordance with another object a 
second therapeutic agent can be administered including L-Dopa, tyrosine, a 
polynucleotide encoding tyrosine hydroxylase, or a tyrosine hydroxylase 
polypeptide. 

Further objects, features, and advantages of the present invention will 
become apparent from the following detailed description. It should be 
understood, however, that the detailed dcscripdon, while indicating prefexrtd 
embodiments of the present invention, is given by way of illustration only, since 
various changes and modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art from this detailed description. 
The invention is also not limited to any dicories of acdon of the elements of the 
invention. 

Detailed De5gcriprinn 

The invention described herein draws on previously published work and 
pending patent qjplications. By way of example, such work consists of scientific 
papers, patents or pending patent applications. All published work, including 
patents, and patent applications cited herein are hereby incorporated by reference. 

Defimtionj; 

The term ^^cardiovascular indication" as used herein refers to a diagnosis 
or presimiptive diagnosis of cardiovascular disease or conditions affecting the 
heart that are associated with atherosclerosis, ischemic syndromes, 
cardiomyopathies, antiythmias, dyscrhythmias, hypertension and infections. The 
diagnosis can be made based on pain, fatigability, weakness, palpitations, and 
systemic symptoms that may be due to the cardiac disease or that may accompany 
it. Determination of a cardiovascular indication may include a physical exam and 
other non*mvasivc diagnostic procedures including radionuclide imaging, 
positron emission tomography, magnetic resonance imaging, echocardiography, 
and can also include venous and anerial caimulation and pulmonary and cardiac 
catheterization used in diagnosis of the cardiac conditioa 
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The icnn '"treatment" as used herein rcfen to reducing or alleviating 
symptoms in a subject, preventing symptoms from worsening or progressing, 
inhibition or elimination of the causative agent, or prevention of the infection or 
disorder in a subject who is free therefrom. Thus, for example, treatment of a 

5 cardiovascular condition in a padent may be reduction of symptoms of heart 
failure or disfunction, such as reduction of angina, irregular bean beat, or other 
symptoms of cardiovascular impairment 

The term "prevention^ refers to a prophylactic administration in a patient 
in whom it is expected a cardiovascular condition may develop. A preventative 

10 administration might ocoir before, for example surgery, or might be appropriate 
where a person has suffered a mild hcan attack, and it is feared that a more severe 
heart attack is likely without some palliative or preventative treatment A 
preventative treatment would aim to prevent a harm from occurring to the heart 
muscle and surrounding tissue, and persons to whom such an administration is 

15 most appropriate are persons who are likely candidates for such harm based on 
other contributing factors or symptoms. 

The term "administering intrapericardiaily** or ''administering into the 
pericardial space*^ as used herein refers to any method of administration that 
effects delivery of a therapeutic agent into the pericardial space. The pericardial 

20 space may be the entire region comprising the pericardial space, or only a part of 
it. The term "administering into the pericardial space** is synonymous with the 
terms "intrapericardial delivery" and "pericardial deliver/', and can include 
delivery to subregions of the pericardial space that form interfaces between the 
pericardia] space and the tissue that surrounds and forms it. The administrarion 

23 into the pericardial space can be accomplished by, for example, the following 
means of administiaiion including injection, laser, catheter, pump. 
Intrapericardial delivery of the polynucleotides and the drugs of the invention can 
be accomplished by the methods of such delivery as disclosed in, for example, 
U.S. Patent Nos. 5,137,510. 5,269.326, and 5,213,570. herein incorporated by 

30 reference. 

The term '^therapeutically effective amounl" as used herein refers to an amount of 
a therapeutic agent to ucal or prevent a cardiovascular condition sufficient to exhibit a 
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detectable ihexapeuiic or preventative effect. The effect may include, for example, 
treatment or prevention of the cardiovascular conditions listed herein. The precise 
cifcciive amount for a subject will depend upon the subject's siie and health, the nature 
and extent of the cardiovascular condition, and the therapeutics or combination of 
5 therapeutics selected for administration. Thus, it is not useful to specify an exact 

effective amotmt in advance. However, the effective amount for a given situation can be 
determined by routine experimentation. 

The term ^'therapeutic agent** as used herein encompasses prophylactic 
agents and refers to any drugs, genes, proteins, polypeptides, peptides and 

10 pcptoids, or other small molecules and in general, any molecular agent that may 
be useful to treat or prevent a cardiovascular condition. A therapeutic agent is 
selected based on the diagnosis of the padent and the particular goals of the 
therapy. Therapeutic agents for treatment of cardiovascular conditions arc 
numerous and well known, and include but arc not limited to the therapeutic 

15 agents listed herein. Any therapeutic agent of the invention may be administered 
with a pharmacsutically acceptable carrier. 

The term "pharmaceuiically acceptable carrier" refers to a carrier for 
administration of a therapeutic agent, such as antibodies or a polypeptide, drugs 
as listed herein, genes, and other therapeutic agents listed herein, in vivo, and 

20 refers to any pharmaceutical carrier that docs not itself induce die production of 
antibodies harmful to the iridividual receiving the composition, and which may be 
administered without undue toxicity. Suitable carriers may be large, slowly 
metabolized macromolccules such as proteins, polysaccharides, poiylactic acids, 
polyglycolic acids, polymeric amino acids, amino acid copolymers, and inactive 

25 virus panicles. Such carriers are well known to those of ordinary skill in the art 
Pharmaceutically acceptable salts can be used therein, for example, mineral acid 
salts such as hydrochlorides, hydrobromides, phosphates, sulfates, and the like; 
and the salts of organic acids such as acetates, propionates, malonates. bcnzoates, 
and the like. A thorough disctission of pharmaccuiically acceptable excipients is 

30 available in REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub. 

Co., N.J. 1991). Pharmaccutically acceptable carriers in therapeutic compositions 
may contain liquids such as water, saline, glycerol and ethanol. Additionally, 
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auxiliary substances, such as wetting or emulsifying agents, pH buffering 
substances, and the like, may be present in such vehicles. Typically, the 
therapeutic compositions arc prepared as injectables, either as liquid solutions or 
suspensions; solid forms suitable for solution in, or suspension in, liquid vehicles 
prior to injection may also be prepared. Liposomes are included within the 
definition of a phaimaceutically acceptable canier. 

The term "liposomes" refers to, for example, the liposome compositions 
described in U.S. Patent No. 5,422,120, WO 95/13796, WO 94/23697, WO 
91/14445 and EP 524,968 Bl. Liposomes may be pharmaccudcal carriers for the 
drugs or polynucleotides or the combination of the two. 

The term "drug" as used herein refers to any number of therapeutic molecules, 
many of which are disclosed herein, that are used for treatment or prevention of 
cardiovascular conditions. A drug can be a small organic molecule, a peptide, a peptoid, 
or a polypeptide, for example. Drugs useful herein can include an anti-apoptotic agent, a 
thrombolytic agent, a pro-angiogenic agent, an anti*arrythroic agent, a conoractility 
improving agent a complement blocker, an inhibitor of reperfusion injury, a calcium 
channel blocker, a beta-blocker, an afterload reducer, a preload reducer, an anti- 
thrombotic agent, an and-platetet agent, anti-proliferative agent, an anti-inflammatory 
agent, an immunomodulating agent, an immunosuppressive agent, an inhibitor of 
reactive oxygen metabolites, an anti-angiogenic agent, a myocyte growth factor, a 
vasoactive agent, a cardioprotective agent, an iron-chelating agent an anti-hypenensive 
agent, an anii-integrin agent, a pro-apoptotic agent an anti-viral agent an anti-parasitic 
agent a free radical scavenger, and a protein that may be deficient or downregulated 
during development of cardiomyopathy, a biologically active fiagment thereof and a 
chimera ihercof. 

The term "matrices" refers to compositions containing polymers, natural or 
synthetic* including gels, collagens, gelatin, and fibrinogen. 

The term *'polynucleoude" as used herein refers to a nucleic acid molecule 
or a coding sequence that encodes a specific amino acid sequence or its 
complementary strand. The polynucleotide, nucleic acid molecule or coding 
sequence can be either DNA or RNA, The DNA molecule can be genomic DNA. 
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or cDNA. The nucleic acid molecule can be naturally occurring or synthetically 
made. The nucleic acid molecule can be under control of a regulatory sequence. 

A '^regulatory sequence" refers to a nucleic acid sequence encoding one or 
more elements that are capable of affecting or effecting expression of a gene 

S sequence, including transcription or translation thereof, when the gene sequence 
is placed in such a position as to subject it to the control thereof. Such a 
regulatory sequence can be, for example, a minimal promoter sequence, a 
complete promoter sequence, an enhancer sequence, an upstream activation 
sequence ("UAS"), an operator sequence, a downstream termination sequence, a 

10 polyadenyiation sequence, an optimal 5* leader sequence to optimize initiation of 
translation, and a Shine-Dalgamo sequence. AJtcmatively, the regulatory 
sequence can contain a combination enhancer/promoter clement. The regulatory 
sequence that is appropriate for expression differs depending upon the host 
system used for expression. Selection of the appropriate regulatory sequences for 

15 use herein is within the capability of one sicillcd in the art For example, in ^ 
prokaryotes, such a regulatory sequence can include one or more of a promoter 
sequence, a ribosomal binding site, and a transcription termination sequence. In 
eukaryotes, for example, such a sequence can include one or more of a promoter 
sequence and/or a transcription termination sequence. Regulatory sequences 

20 suitable for use herein may be derived from any source including a prokaryotic 
source, an eukaryotic source, a virus, a viral vector, a bacteriophage or a linear or 
circular plasmid. Altemativcly, the regulatory sequence herein can be a synthetic 
sequence such as, for example, one made by combining the UAS of one gene 
with the remainder of a requisite promoter from another gene, such as the 

25 GADP/ADH2 hybrid promoter. 

The term ^'combination" as used herein refers to a combination or mixture 
of at least one polynucleotide and at least one drug in the same or separate 
pharmaceutical compositions for administration to the pericardial space according 
to the invention. A combination is warranted for those cardiovascular indications 

30 that respond to both the drug and the polynucleotide when administered together 
to effect treatment of the cardiovascular condition. The administration of the 
combination may be simultaneous, or consecutive, in close proximity in time 
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relative to the responsiveness of each therapeuiic. Thus, where a polynucleotide 
is transformed into the cells of the pericardial tissue within a week of 
administradon into the pericardial space, administration into the pericardial space 
of a companion drug may occur, for example, up to one week after the inidal 

5 administration of the polynucleotide and still be considered to have been 
administered as a combinadon. 

The tcnn "biologically active fragment" refers to fragments of protein or 
polypeptides that retain one or more of the activities of the fidUlength protein. In 
referenced to a protein or polypeptide in the context of the therapeutics and 

0 preventatives of the invention and the gene products produced by gene therapy 
according to the invention, it is contemplated that such protein or polypeptides 
include biologically active fragments, truncations, variants, alleles, analogs and 
derivatives thereof. Unless specifically mentioned otherwise, such truncations, 
variants, alleles, analogs, and derivatives possess one or more of the bioactivities 

15 of the native mature protein. This tcnn is not limited to a specific length of the 
product of the gene. Thus, polypeptides that arc identical or contain at least 60%, 
preferably 70%, more preferably 80%, and most preferably 90% homology to the 
native protein fragment or the native mature protein, wherever derived, from 
human or nonhuman sources are included within the term polypeptide. The term 

20 polypeptide also does not exclude posi-cxprcssion modifications of the 

polypeptide, for example, glycosylations, acctylations, phosphorylations and the 
like. 

''Alleles" and 'Variants" refers to a polypeptide that differs from the 
native specified protein by virtue of one or more amino acid substitutions, 

25 deletions, or insertions. The amino acid substimtions can be conservative amino 
acid substitutions or substitutions to eliminate non-essential amino add residues 
such as to alter a glycosylation site, a phosphorylation site, an acetvlation site, or 
to alter *Jie folding pattern by altering the position of the cysteine residue that is 
not necessary for function, etc. Conservative amino acid substitutions arc those 

30 that preserve the general charge, hydrophobicity/hydrophilicity and>'or steric bulk 
of the amino acid substituted, for example, substitutions between the members of 
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the following groups are conservative substitutions: Gly/Ala^ Val/Ile/Leu, 
Asp/Glu, Lys/Aig, Asn/Gln, Scr/Cys/Met and Phe/Trp/Tyr. 

^Analogs** include peptides having one or more peptide mimics, also 
known as peptoids, that possess the activity sought Included within the 
definition are, for example, polypeptides containing one or more analogs of an 
amino acid, including, for example, unnatural amino acids, etc., polypeptides 
with substituted linkages, as well as other modifications known in the art, both 
naturally occurring and non-naturally occuxring. 

The term "chimera" as used herein in reference to polynucleotide or a 
polypeptide denotes a fiision molecule of the coding regions or expression 
products or portions thereof, respectively, where the coding regions or expression 
products are not nonnally contiguous. 

A "nucleic acid raolcctile" or a "polynucleotide " as used herein, refers to 
either RNA or DNA molecule that encodes a specific amino acid sequence or its 
complementary strand. Nucleic acid molecules may also be non-coding 
sequences, for example, a ribozyme, an antisense oligonucleotide, or an 
untranslated portion of a gene. A "coding sequence** as used herein, refers to 
eitheir RNA or DNA that encodes a specific amino acid sequence or its 
complementary strand. A polynucleotide may include, for example, an antisense 
oligonucleotide, or a ribozyme, and may also include such items as a 3' or 5' 
untranslated region of a gene, or an intron of a gene, or other region of a gene that 
docs not make up the coding region of the gene. The DNA or RNA may be 
single stranded or double stranded. Synthetic nucleic acids or synthetic 
polynucleotides can be chemically synthesized nucleic acid sequences, and may 
also be modified with chemical moieties lo render the molecule resistant to 
degradation. Synthetic nucleic acids can be ribozymes or antisense molecules, 
for example. Modifications to synthetic nucleic acid molecules include nucleic 
acid monomers or derivative or modifications thereof, including chemical 
moieties. For example, phosphothioates can be used for the modification, A 
polynucleotide derivative can include, for example, such polynucleotides as 
branched DNA (bDNA). A polynucleotide can be a synthetic or recombinant 
polynucleotide, and can be gcn6rated, for example, by polymerase chain reaaion 
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(PCR) amplification, or recombinani expression of coraplemeniary DNA or 
RNA, or by chemical synthesis, 

*'Coronary ancry occiusion"" refers to occlusion or rcocclusioa of a 
coronary artery as occurs in atherosclerosis, thrombosis, and restenosis. 
5 The inventor has discovered that pericardial delivery using gene therapy 

may be applied to the treatment of cardiovascular conditions since the 
constitutive or inducible ex p re ssi on of therapeutic gene products in the heart may 
obviate the need for repeated administration of therapeutic agents or reduce the 
stringency of requirements for high capacity, prolonged release, long-acting* 
10 extremely stable drug formulations. Fuithermore, the inducible expsression of 
therapeutic gene products has the advantage of being relatively easily regulaiable. 
Because of the non-proliferative and terminally differentiated state of 
cardiomyocytes, myocardial somatic gene therapy must employ m vivo gene- 
transfer technologies using vectors and delivery systems that can transduce non- 
15 proliferating cells. Previously, delivery of genes to the heart has been 

accomplished by direct injection of genes encoded in both viral and non-viral 
vectors to the myocardium. Some of the difficulties with direct myocardial 
injection include the logisitical problems of myocardial trauma and its attendant 
effects siich as myocardial necrosis, fibrosis, inflammation, arrhythmia's, and 
20 bleeding problems with delivery of genes to a large myocardial surface area, and 
the practical limitations of this technique for sustained or repeated 
administrations. 

Barr et ai. Gene Therapy (1994) i:51-58 describes gcac delivery via 
catheter-mediated infusion of replication defective adenovirus into the coronary 

25 ancrial circuiauon. High level expression of exogenous gene was obtained 
throughout the thickness of the ventricular and anerial walls within the 
distribution of the injected coronary artery. However, infection of multiple cell 
types and non-cardiac tissues and the binding of adenovirus DNA in the brain and 
testis raised safety concerns. 

30 The inventor herein has discovered that delivery of therapeutic agents 

including polynucleotides and drugs to the pcncardial space results in higher, 
more prolonged, and more effective drug delivery to arterial strucnires than local 
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intra-arterial drug delivery. Deposition of agents within the pericardium is a 
method of achieving prolonged, high concentration, high capacity drug delivery 
to the coronary anery. 

More prolonged and higher concentration drug delivery is possible &oxn 

5 the pericardium as compared to intracoronary delivery because the storage 

capacity of the pericardium for therapeutic agents is significantly larger than that 
of the coronary vessel and the agents deposited in the pericardium are not subject 
directly to flowing blood as are agents deposited directly into coronary artery 
vascuiacuze. Due to the diSiision of intrapericardially delivered agents across the 

]0 coronary vessel advenlitia into the coronary vascular lumen and, therefore, the 
coronary anery circulation, deposition within the pericardium is an effective 
method of achieving prolonged, high concentration, high capacity delivery of 
therapeutic agents to the myocardium, cndocarditmi, or other designated cardiac 
targets while minimizing systemic exposure and therefore toxicity, 

15 The method of the invention achieves a reduction in systemic loxidcy. 

Systemic toxicity is often experienced with other methods of treating 
cardiovascular conditions. Because the pericardial sack is a natural closed space 
the systemic toxicity of agents can be locally contained in this closed space by the 
method of the invention, and systemic toxicity that is largely influenced and 

20 regulatable by the access of the agents to the coronary and myocardial vasculanire 
is controlled. 

Tne invention facilitates access of intrapericardially delivered agents to 
the myocardium or endocardium by formulations of agents that improve the 
agents' ability to penetrate deeply into tissues or to penetrate the coronary vessel 

25 adventitia, to access the coronary vessel lumen and, therefore, enter the coronary 
circulation. Also, according to the invention, the creation of either natural or 
artificial conduits between the pericardial space and *Jic myocardium or 
endocardium, improves access of intiapericardial agents lo these areas of the 
hean. An example of a method of creating "natural'* conduits between the 

30 pericardial space and myocardium is the use of proangiogcnic faca^rs delivered 
into the pericardial space to increase the vascularization of ihc myocardium 
globally or in a specific area and. therefore, mcrease the accessibility of agents m 
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the pericardium lo these areas. An example of a method of creating an ""artificial^ 
conduit between the pericaidial space and myocardium or endocarditmi is the use 
of laser, as is currently being used in myocardial revascularization, to creaie 
direct channels between these structures to increase the accessibility of agents in 

5 the pericardium to deeper myocardial regions. 

The inventor has also discovered that delivery of genes to the 
intrapericardial space is a safer and more effective method of accomplishing 
myocardial gene therapy. According to the method of the invention, delivery of 
genes to the pericardial space does not require mechanical violation of the 

10 myocarditjm as docs direct myocardial injection. Secondly, b ec a u s e 

intrapericardially delivered agents have access to the entire myocardial sur&ce 
the ease and effectiveness with which genes can be delivered to large areas of 
myocardium is increased. When these agents also, in turn, access the coronary 
circul^on, pcrnision of the entire heart with these agents occurs. Third, the 

15 inventor has found that the pericardium is more easily transducible than 

myocardium and, thus, that expression of gene products in the pericardial space 
retains access to myocardium. The method of administration of the invention is, 
thus, preferable to previous methods that have attempted expression of gene 
products in the myocardium with limited success. 

20 TTie inventor has also found that by the method of the invemion the 

exposure time of nucleic acids and/or viruses to cells, which is an important 
determinant of transduction or im'ection efficiency, increases. Genetic agents 
deposited in the pericardial space arc not subject to rapid dilution, drainage, or 
dissipanon due to blood flow or lymphatic clearance, and thus have much longer 

25 exposure times than vasculariy delivered agents, also increasing the transduction 
of infection efficiency of the genes. Such an advantage achieved by the method 
of the invention, translates into much higher transduction or infection efficiency 
with genes and/or viruses in cither the myocardium or the pericardium than is 
achievable in the coronary vessel. Lastly, because pericardium is highly efficient 

30 at expressing certain proteins and in some cases is even more efficient than 
myocardium at this task, the method of the invention is a new and improved 
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method of delivery of genes for gene therapy for treannent of a cardiovascular 
indication. 

Practice of the invention also includes, for example, delivering into the 
pericardial space cardiovascular therapeutics^ whether genes or drugs, in liposomal 
5 compositions, including heterovesicular liposomes. Delivery in liposomes increases the 
efficacy of the cardiovascular therapeutic, and rediices the dosage requirements and, in 
general, augments the benefits of any cardiovascular therapeutic delivered into the 
pericaniial space. Suitable liposomal formats include, for example, the liposome 
compositions described in U.S. Patent No. 5,422,120, WO 95/13796, WO 94/23697, WO 

ID 91/14445 and £P 524,968 B 1 . Liposomes may be pharmaceutical carriers for the small 
molecules, polypeptides or polynucleotides of the invendoii^ or for combinadon of these 
therapeutics. Liposomes are included within the definidon of a pharroaceutically 
acceptable carrier. Polypeptide therapeutics can also be delivered with the gene that is 
delivered for expression in the paUent, for example, before, with, or after the gene 

15 delivery, and polypeptide therapeutic agents can be delivered with any cardiac drugs that 
are also delivered before, with or after the gene delivery. 

Hie following ex pre ss ion systems detail promoters and vectors useful for 
gene therapy applications of die invention for the intrapericardial delivery of 
polynucleotides in plasmids, viral vectors or liposomes, or for the production of 

20 proteins that are delivered intiapehcardially. 

Although the methodology described below is believed to contain 
sufficicai details to enable one skilled in the art to practice the present invcndon, 
other items not specifically exemplified, such as plasmids, can be constructed and 
purincd using standard recombinant DNA techniques described in, for example^ 

25 Sambrook et aL (l 989), MOLECUL.^R CLONING: A LABORATORY 

MANUAL, 2d edition (Cold Spring Harbor Press, Cold Spring Harbor, N. Y.), 
and Ausubcl e( aL CURRENT PROTOCOLS IN MOLECULAR BIOLOGY 
fl994), (Greene Publishing Associates and John Wiley & Sons, New York, 
N. Y.). under the currrnt regulauons described in United States Dcpt of HEW, 

30 NATIONAL INSTITUTE OF HEALTH (NIH) GUIDELINES FOR 

RICOMBINANT DNA RESEARCH These references include procedures for 
the following standard methods': cloning procedures with plasmids. 
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traxisfonnation of host cells, ceil culture, plasmid DNA purification, phenol 
extraction of DNA, cthanol precipitation of DNA, agarose gel electrophoresis, 
purification of DNA fragments bom agarose gels, and restriction endonuciease 
and other DNA-modifying enzyme reactions. 

5 

F^pression in Ractgrial Tells 

Hie polynucleotide of the present invention can be prt>duced m 
prokaryotcs, for example bacteria. Further, the proteins and polypeptide drugs of 
the present invention can also be produced recombinantly in prokaiyotes. 

10 Control elements for use in bacteria include promoters, optionally containing 
operator sequences, and ribosome binding sites. Useful promoters include 
sequences derived from sugar metabolizing enzymes, such as galactose, lactose 
{lac) and maltose. Additional examples include promoter sequences derived from 
biosynthetic enzymes such as tryptophan (/rp), the P-lactamase (bid) promoter 

1 5 system, bacteriophage APL, and T7. In addition, synthetic promoters can be used, 
such as the /ac promoter. The ^-lactamase and laaose promoter systems are 
described in Chang eraL Nature (1978) 275: 615, and Goeddel ei aL Nature 
( 1 979) 281: 544; the alkaline phosphatase, trjptophan (trp) promoter system arc 
described in Crocddcl et aL, Nucleic Acids Res, (1980) 8: 4057 and EP 36,776 and 

20 hybrid promoters such as the rac promoter is described in U.S. Patent No. 
4,551,433 and dcBocr etaL Proc, Natl Acad. Set, USA (1983) 80: 21-25. 
However, other known bacterial promoicn useful for expression of cukaryotic 
proteins are also suitable. A person skilled in the art would be able to opcrably 
ligate such promoten to the coding sequences of interest, for example, as 

25 described in Siebcnlist et aL Cell (1980) 20: 269. using linkers or adaptors to 
supply any required restriction sites. Promoters for use in bacterial systems also 
generally will contain a Shine-Dalgamo (SD) sequence operably linked to the 
DNA encoding the target polypeptide. For prokaryoiic host cells that do not 
recognize and process the native target polypeptide signal sequence, the signal 

30 sequence can be substituted by a prokaryotic signal sequence selected, for 

example, from the group of the alkaline phosphatase, penicillinase, ipp. or heat 
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stable cntcTotoxin II leaders. The origin of replication from the plaamid pBR322 
is suitable for most Gram*negative bacteria. 

The foregoing systems arc particularly compatible with Escherichia colL 
However, numerous other systems for use in bacterial hosts including Gram- 
negative or Gram-positive organisms such as Bacillus spp.^ Streptococcus spp.^ 
Sirepromyces spp,, Pseudomoms species such as ?. aeruginosa. Saimoneila 
typhimurium, or Serratia marcescans, among others. Methods for introducing 
exogenous DNA mio these hosts tyjHcally include the use of CaCl2 or other 
agents, such as divalent cations and DMSO. DNA can also be introduced into 
bacterial cells by clectroporation, nuclear injection, or protoplast fusion as 
described generally in Sambrook et ai (1989), cited above. These examples are 
illustrative rather than limiting. Preferably, the host cell should secrete minimal 
amounts of proteolytic enzymes. Alternatively, in vitro methods of cloning, e.g., 
PCR or other nucleic acid polymerase reactions, are suitable. 

Prokarj'otic cells used to produce the target polypeptide of this invention 
arc cultured m suitable media, as described generally in Sambrook et al., dtcd 
above. 

Fxnre?irion in Yga^ct r^1l< 

The polynucleotide, proteins and polypeptides and polypeptides of the 
present invention can also be produced in eukaiyotic systems including, for 
example, yeast cells, insect cells, and mammalian cells. Expression and 
transformation vectors, either extrachromosomal repiicons or integrating vectors, 
have been developed for transformation into many yeasts. For example, 
expression vectors have been developed for, among others, the following yeasts: 
Saccharomyces cerevisiae ,as described in Hinnen et ai.. Proc. Natl Acad ScL 
USA (1978) 75: 1929; Ito tt aL, J, BacxerioL (1983) 153: 163; Candida albicans 
as described in Kuitz et ai. Mol Cell BioL (1986) 6: 142; Candida maltosa, as 
described in Kunze et ai, J, Basic Microbiol (1985) 25: 141; Hansemtla 
polymorpha, as described in Gleeson era/.. J, Gen. Microbiol (1986) 132: 3459 
and Roggenkampera/.. Mol Gen. Genet. (1986)20-? :302)\ Kluyveromyces 
Jragilis. as described in Das et al.^ J, Bacterial (1984) 158: 1 165; Kluyveromyces 
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lactis, as described in De Louvencoun ei al., J, BactehoL (1983) 154: 737 and 
Van den Berg et aL Bio/Technology (1990) 8: 135; Pichia guiUerimondiU as 
described in Kuaze cr oi. / Basic Microbiol (1985) 25\ Pichia pastoris. as 
described in Cregg tt aL MoL Cell BioL (1 985) 5: 3376 and U.S. Patent Nos. 
3 4,837, 148 and 4,929,555; Schizosaccharomyczs pombe, as described in Beach 
and Nurse, Nature (198 1) 300: 706; and Yarro\¥ia lipoiytica. as described in 
Davidow et aL Curr. Genet. (1985) 10: 380 and Gaiilardin et al., Cwr. Genet 
(1985) 10: 49» Aspergillus hosts such as A. nidulans. as described in Bailance et 
aL Biochent Biophys. Res. Commnn. (1983) 1J2: 284-289; Tilbum et aL Gene 
10 (1983) 26: 205-221 and Yelton et aL, Proc Nail Acad Sci. USA (1984),<S/: 
1470-1474, and ^. mger, as described in Kelly and Hyncs, EMBOJ, (1985) 4: 
475479; Trichoderma reesia as described in EP 244^34. and fUamcntous fungi 
such as, c.g, Neurospora, PemcilVmnu TolypoclaSum, as described in WO 
91/00357. 

15 Control sequences for yeast vectors arc known and include promoters 

regions from genes such as alcohol dehydrogenase (ADH), as described in EP 
284,044, enolase, glucokinasc, glucosc-6-phosphate isomcrase, giyccraldehydc-3- 
phosphate-dehydrogenasc (GAP or GAPDH), hcxokinasc, phospho&uctokinasc, 
3-phosphoglyceratc mutasc, and pyruvate kinase (PyK), as described in EP 

20 329203. The yeast PHOS gene, encoding acid phosphatase, also provides useful 
promoter sequences, as described in Myanohara et aL, Proc. Natl Acad ScL USA 
(1 983) 80: 1 . Other suitable promoter sequences for use with yeast hosts include 
the promoters for 3-phosphoglyccrate kinase, as described in Hitzetnan et aL, J. 
Biol Chem. (1980) 255\ 2073, or other glycolytic enzymes, such as pyruvate 

25 decarboxylase, trioscphosphaie isomcrase, and phospnoglucose isomerase, as 
described in Hess et al. 1 Adv, Enzyme Reg. ( 1 968) 7: 1 49 and Holland et al. 
Biochemistry (197%) 77:4900. Inducible yeast promoters having the additional 
advantage of transcription controlled by growth conditions, include from the list 
above and others the promoter regions for alcohol dehydrogenase 2, 

30 isocvTochromc C, acid phosphatase, dcgradaiivc enzymes associated with 
nitrogen metabolism, meullothionein, glyccraldehydco-phosphaie 
dehydrogenase, and enzymes responsible for maltose and galactose utilization. 
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Suitable vectors and promoters for use in yeast expression are further described in 
Hitzeman. EP 073,657, Yeast enhancers also are advantageously used with yeast 
promoters. In addition, synthetic promoters which do not occur in nature also 
function as yeast promoters. For example, upstream activating sequences (UAS) 
5 of one yeast promoter may be joined with the transcription activation region of 
another yeast promcster, creating a synthetic hybrid promoter. Examples of such 
hybrid promoters include the ADH regulatory sequence linked to the GAP 
transcription activation region, as described in U.S. Patent Nos. 4,S76,I97 and 
4,880,734. Other examples of hybrid promoters include promoters which consist 

10 of the regulatory sequences of either the ADHly QAL4, CALIO, or PH05 genes, 
combined with the transcriptional activation region of a glycoiyuc enzyme gene 
such as GAP or FyK as described in EP 1 64,556. Furthermore, a yeast promoter 
can include naturally occurring promoters of non-yeast origin that have the ability 
to bind yeast RNA polymerase and initiate transcription. 

15 Other control elements which may be included in the yeast expression 

vectors are terminators, for example, firom CAPDH^nd from the enoiase gene, as 
described in HoUand ef aL J, BioL Ghent (1981) 256: 1385, and leader 
sequences which encode signal sequences for secretion. DNA encoding suitable 
signal sequences can be derived from genes for secreted yeast proteins, such as 

20 the yeas: invertase gene as described in EP 012,873 and JP 62,096,086 and the a- 
factor gene, as described in U.S. Patent Nos. 4,588,684. 4,546,083 and 4,870,008; 
EP 324,274; and WO 89/02463. Alternatively, leaders of non-yeast origin, such 
as an interferon leader, also provide for secretion in yeast, as described in EP 
060,057. 

25 Methods bf introducing exogenous DNA into yeast hosts are well known 

in the ait, and typically include cither the transformation of sphcroplasts or of 
intact yeast cells treated with alkali cations. 

Transformations into yeast can be carried out according to the method 
described in Van Solingen et aL / BacL (1977) / J0:946 and Hsiao et ai. Proc, 

:o NatL Acad ScL (USA) ( 1 979) 76:3829. However, other methods for introducing 
DNA into cells such as by nuclear injection, clcctroporaiion. or p:x>toplast fusion 
may also be used as described generally in Sambrook et aL. cited above. 
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For yeast secretion the native target polypeptide signal sequence may be 
substituted by yeast signal sequences such as those derived from yeast invertase, 
a-factor, killer toxins, or acid phosphatase leaders. The origin of replication &om 
the 2 |i plasmid origin is suitable for yeast. A suitable selection gene for use in 
5 yeast is the trpl gene present in the yeast plasmid described in Kingsman ee oL, 
Gene 0919) 7: 141 orTschcmpcref aJL. Gene (1980) 70:157. Thefrpl gene 
provides a selection marker for a mutant strain of yeast lacking the ability to grow 
in tryptophan. Similarly, Lcu2-<icficicnt yeast strains (ATCC 20,622 or 38,626) 
are complemented by known piasmids bearing the Leu2 Gene. 
10 For intracellular production of the present polypeptides in yeast a 

sequence encoding a yeast protein can be linked to a coding sequence of the 
polypeptide to produce a fusion protein that can be cleaved intracellularly by the 
' yeast ceils upon expression. An example, of such a yeast leader sequence is the 
yeast ubiquitin gene. 

13 

Eaprcssion in Insect Cells 

Baculovinis expression vectors (BEVs) are recombinant insect viruses m 
which the coding sequence for a foreign gene to be expressed is inserted behind a 
baculovinis promoter in place of a viral gene, e.g^ polyhediin, as described in 

20 Smith and Summers, U.S. Pat. No., 4,745,051 . 

An expression construct herein includes a DNA vector useful as an 
intennediate for the infecuon or transfomiation of an insect cell system, the 
vector generally containing DNA coding for a baculo virus transcriptional 
promoter, optionally but preferably, followed downstream by an insect signal 

25 DNA sequence capable of directing secretion of a desired protein, and a site for 
insertion of the foreign gene encoding the foreign protein, the signal DNA 
sequence and the foreign gene being placed under the transcripdonal control of a 
baculovinis promoter, the foreign gene herein being the coding sequence of the 
polypeptide, 

30 The promoter for use herein can be a baculovinis transcriptional promoter 

region derived from any of the over 500 baculo viruses generally infecting insects, 
such as, for example, the Orders Lcpidoptcra, Diptcra, Orthoptera, Coleoptera 
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and Hymcnoptera including, for example, but not limited to the viral DNA5 of 
Aufographo cali/ornica MNPV, Bombyx mori NPV, rricftoplusia ni MNPV, 
Rachlplmia ou MNPV or Gcdleria mellonella MNPV, Aedes aegypii, Drosophila 
melanogaster, Spodopterafingiperda, and Trichopltuia nL Thus, the baculovims 
5 transcriptional promoter can be, for example, a baculovirus tmmediate«early gene 
lEI or lEN promoter, an immediate-early gene in combination with a baculovirus 
delayed*eariy gene promoter region selected from the group consisting of a 39K 
and a Hindlll fragment containing a delayed-early gene; or a baculovirus late 
gene promoter. The immediate-early or delayed-earty promoters can be enhanced 

10 with transcriptionai enhancer elements. 

Particularly suitable for use herein is the strong polyhedrin promoter of 
the baculovirus, which directs a high level of expression of a DNA insert, as 
described in Fricscn etai.{l 985) The Regulation of Baculovirus Gene 
Expression*' in: THE MOLECULAR BIOLOGY OF BACULOVIRUSES 

15 fW.Docrflcr, ed.); EP 127.839 and EP 1 55,476; and the promoter from the gene 
encoding the pi 0 protein, as described in Vlak et ai, 1 Gen ViroL (1988) 
59:765-776. 

The plasmid for use herein usually also contains the polyhedrin 
polyadenylation signal, as described in Miller ctaL Arm. Rev, MicrobioL (1988) 

20 42: 1 77 and a procaryotic ampicillin-rcsistance {amp) gene and an origin of 
replication for selection and propagation in £ colL DNA encoding suitable 
signal sequences can also be included and is generally derived from genes for 
secreted insect or baculovirus proteins, such as the baculovirus polyhedrin gene, 
as described in Carbonell era/., Gene (1988) 75:409, as well as mammalian 

25 signal sequences such as those derived from genes encoding human a-imerferon 
as described in Macda et aL. Nature (1 985) J/ 5:592-594; human gastrin- 
relcasing peptide^ as described in Lcbacq-Vcrhcyden et al., Mol, Cell. Biol. 
(1988) 8: 3 129; human IL-2, as described in Smith et al., Proc. Natl. Acad. Set 
USA (1985) 52:8404; mouse IL-3. as described in Miyajima ei aL Gene (1987) 

30 55:273; and human glucoccrcbrosidase, as described in Manin et al,. DNA (1988) 
7.99. 
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Numerous bacuiovirai strains and variants and coiitsponding pennissive 
insect host cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes 
aegypti (mosquito), Aeda albapietus (mosquito), Drosophila melanogaster 
(fruitfly), and Bombyx mori host cells have been identified and can be used 

5 herein. Sec, for example, the description in Luckow e/ ai, 

5/o/recAno/ogvy(1988) 6: 47-55, Miller et al., in GENETIC ENGINEERING 
(SeUow, J.K. etal, eds.X Vol 8 (Plenum Publishing, 1986), pp. 277-279, and 
Maeda et aL. Nature, (1985) 315: 592-594. A variety of such viral strains are 
publicly available, e.g,, the L-1 variant of Autographa califormca NPV and the 

10 Bm-5 strain of Bombyx mori NPV. Such viruses may be used as the virus for 
iransfection of host cells such as Spodoptera Jhigiptrda cells. 

Other baculovirus genes in addition to the polyhedrin promoter may be 
employed to advantage in a baculovirus expression system. These include 
immediate-early (alpha), delaycd-carly (beta), late (gamma), or very laie (delta), 

15 according to the phase of the viral infection during which they are expressed. 
The expression of these genes occurs sequentially, probably as the result of a 
"cascade" mechanism of transcriptional regulation. Thus, the inunediate-early 
genes are expressed inunediately after infecdon, in the absence of other viral 
functions, and one or more of the resulting gene products induces transcription of 

20 the dclaycd-cariy genes. Some delayed-carly gene products, in turn, induce 

transcription of late genes, and finally, the very late genes are expressed under the 
control of previously expressed gene products from one or more of the earlier 
classes. One relatively well defined component of this regulatory cascade is lEI, 
a preferred immediate-early gene of Autographo califomica nuclear polyhcdrosis 

15 virus (AcMNPV). lEI is pressed in the absence of oiher viral functions and 
encodes a product that stimulates the transcnption of several genes of the 
delayed-carly class, including the preferred 39K gene, as described in Guarino 
andSummcrs,y. K/ro/. (1986) 57:563-571 andJ Virol (1987) rf/:209 1-2099 as 
well as late genes, as described in Guanno and Summers. Virol (1988) 

30 7(52:444.451. 

Immediate-early ge- es as described above can be used in combination 
with a baculovirus gene prcmoier region of the dclayed-early category. Unlike 
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the immediate-early genes, such delayed-early genes require the presence of other 
viral genes or gene products such as those of the iimnediatc-carly genes. The 
combination of immediate<arly genes can be made with any of several 
delaycd^early gene promoter regions such as 39K or one of the delayed-eariy 
gene promoters found on the ffi/idlll fragment of the baculovirus genome. In the 
present instance, the 39 K promoter region can be linked to the foreign gene to be 
expressed such that expression can be further controlled by the presence of lEI, as 
described in L. A. Guarino and Summers (1986a), cited above; Guarino & 
Summers (19Mb) I ViroL, (1986) 60ai5'222, and Guarino er aL (1986c), J. 
Virol, iine) 50:224-229. 

Additionally, when a combination of inmicdiate-carly genes with a 
dclaycd-early gene promoter region is used, enhancement of the expression of 
heterologous genes can be realized by the presence of an enhancer sequence in 
direct cis linkage with the delayed-early gene promoter region. Such enhancer 
sequences arc characterized by their enhancement of delayed-eariy gene 
expression in situations where the immediate-early gene or its product is limited. 
For example, the hr5 enhancer sequence can be linked directly, in cis, to the 
delayed-^ly gene promoter region, 39K, thereby enhancing the expression of 
the cloned heterologous DNA as described in Guarino and Summers (1986a), 
(1986b), and Guarino et ai (1986). 

The polyhedrin gene is classified as a very late gene. Therefore, 
transcription from the polyhedrin promoter requires the previous expression of an 
unknown, but probably large number of other viral and cellular gene products. 
Because of this delayed expression of the polyhedrin promoter, state-of-the-art 
BEVs, such as the exemplary BEV system described by Smith and Summers in, 
for example, U.S. PaL No.. 4,745,051 will express foreign genes only as a result 
of gene expression from the rest of the viral genome, and only after the viral 
infection is well underway. This represents a limitation to the use of existing 
BEVs. The ability of the host cell to process newly synthesized proteins 
decreases as ihc baculovirus infection progresses. Thus, gene expression from 
±t polyhedrin promoter occurs at a time when the host cell's ability to process 
newly synthesized proteins is potentially diminished for certain proteins such as 
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human tissue plasminogen activator. As a consequence, the expression of 
secretory glycoproteins in BEV systems is complicated due to incomplete 
secretion of the cloned gene product, thereby trapping the cloned gene produa 
within the cell in an incompletely processed form. 
5 While it has been recognized that an insect signal sequence can be used to 

express a foreign protein that can be cleaved to produce a mature protein, the 
present invention is preferably practiced with a mammalian signal sequence 
appropriate for the gene expressed. 

An exemplary insect signal sequence suitable herein is the sequence 

10 encoding for a Lepidopteran adipokinetic hormone (AKH) peptide. The AKH 
family consists of short blocked neuropeptides that regulate energy substrate 
mobilization and metabolism in insects. In a preferred embodiment, a DNA 
sequerxe coding for a Lepidopteran Manduca sexta AKH signal peptide can be 
used. Other insect AKH signal peptides, such as those &om the Orthoptera 

IS Schistocerca gregaria locus can also be employed to advantage. Another 

exemplary insect signal sequence is the sequence coding for Drosophila cudcle 
proteins such as CPU CP2, CP3 or CP4, 

Currently, the most commonly used transfer vector that can be used herein 
for introducing foreign genes into AcNPV is pAc373. Many other vectors, 

20 known to those of skill in the art, can also be used herein. Materials and methods 
for baculovirus/insect cell expression systems are conunerciaJly available in a kit 
form from companies such as Invitrogen (San Diego CA) ("Maxflac'* kit). The 
techniques uulized herein are generally known to those skilled in the art and are 
fully described in Summers and Smith, A MANUAL OF METHODS FOR 

25 BACULOVIRUS VECTORS AND INSECT CELL CULTURE PROCEDURES, 
Texas Agricultural Experiment Station Bulletin No. 1555, Texas A&M 
University (1987); Smith et aL Moi Cell Biol (1983) i: 2156, and Luckow and 
Summers (1989). These include, for example, the use of pVL985 which alters 
the polyhedrin start codon from ATG to ATT. and which introduces a BamWl 

30 cloning site 32 bascpairs downstream from the ATT, as described in Luckow and 
Summers, K/ro/ogx(I989) 77:31. 



wo 97/16169 



PCTAJS96A7311 



-29- 

Thus, for example, for insect cell expression of the present poiypcptidcs, 
the desired DKA sequence can be insened into the transfer vector, using known 
techniques. An insect cell host can be cotiansformed with the trsnafer vector 
containing the inserted desired DNA together with the genomic DNA of wild 
5 type baculovinis, usually by cotransfection. The vector and viral genome are 
allowed to recombine resulting in a recombinant virus that can be easily 
identified and purified. The packaged recombinant virus can be used to infect 
insect host cells to express a desired polypeptide. 

Other methods that are applicable herein are the standard methods of 

10 insect cell culture, cotransfection and preparation of plasmids are set forth in 
Summers and Smith (1 987), cited above. This reference also pertains to the 
standard methods of cloning genes into AcMNPV transfer vectors, plasmid DNA 
isolation, transferring genes into the AcmMNPV genome, viral DNA purification, 
radiolabeling recombinant proteins and preparation of insect ceil culture media. 

15 The procedure for the cultivadon of viruses and cells are described in Volkman 
and Summers, 1 ViroL (1975) 79:820-832 and Volkman etaL, J, ViroL ( 1976) 
7^:820-832. 

Expression in Mammalian Cells 

20 Typical promoters for mammalian cell expression of the polypeptides of 

the invention include the SV40 early promoter, the CMV promoter, the mouse 
mammary tumor virus LTR promoter, the adenovirus major late promoter (Ad 
ML?), and the herpes simplex vir\is promoter, among others. Other non-viral 
promoters, such as a promoter derived from the murine metal lothionein gene, will 

25 also find use in mammalian constructs. Mammalian expression may be either 
constitutive or regulated (inducible), depending on the promoter. Typically, 
transcription termination and polyadcnylation sequences will also be present, 
located 3' to the translation stop codon. Preferably, a sequence for optimization 
of initiation of translation, located 5* to the polypeptide coding sequence, is also 

30 present. Lxamplcs of transcription tcrminator/polyadcnyiation signals include 
those derived from SV40, as described in Sambrook et ai (1989), cited 
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previously. Introns, containing splice donor and acceptor sites, may also be 
designed into the constructs of the present invention. 

Enhancer elements can also be used herein to increase expression levels of 
the mammalian constructs. Examples include the SV40 early gene enhancer, as 

5 described in Dijkemae/a/.„£A^O/ (1985)^:761 and the enhancer/promoter 
dcTTvcd from the long terminal repeal (LTR) of the Rous Sarcoma Virus, as 
described in Gorman era/.. Proc. Natl. Acad Sci, USA (1982b) 79:6777 and 
human cytomegalovirus, as described in Boshart ei aL Cell (1985) ^7:521. A 
leader sequence can also be present which includes a sequence encoding a signal 

10 peptide, to provide for the secretion of the foreign protein in mammalian cells. 
PTcfcrably, there arc processing sites encoded between the leader fragment and 
the gene of interest such that the leader sequence can be cleaved either m vrvo or 
in vitro. The adenovirus tripartite leader is an example of a leader sequence that 
provides for secretion of a foreign protein in mammalian cells. 

15 Once complete, the mammalian expression vectors can be used to 

transfomi any of several mammalian cells. Methods for introduction of 
heterologotis polynucleotides into mammalian cells are known in the art and 
incltide dextran-mediated transfection, calcium phosphate precipitation, 
polybrene mediated transfection, protoplast fusion, clectroporaticn, encapsulation 

20 of the polynucleotide(s) in liposomes, and direct microinjection of the DNA into 
nuclei. General aspects of mammalian cell host system transformations have 
been described by Axel in U^. Patent No. 4,399216. 

Gene therapy can be practiced according to the invention by delivery to 
the pericardial space genes that arc under regulatory control of appropriate 

25 reg^ilaiory sequences for transformation or infection of myocytes, cells within the 
pericardium, cells at the cpicardium, or any cells in a region of the heart 
accessible to an intrapericardially delivered gene. Gene therapy can be practiced 
as follows using coding regions for any therapeutic appropriate for «atmcnt of a 
cardiovascular indication. 

30 The polynucleotide molecule thai contain a polypeptide coding sequence for use 

as a therapeutic agent herein, with or without the coding region for the signal sequence, 
cxn be used for treatment of a cardiovascular indication by adminisoaiion thereof via 
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gene therapy. Gene therapy strategics for delivery of such construct can utilize viral or 
non-viral vector approaches in in vivo or ex vivo modality. Expression of such coding 
sequence can be induced using endogenous manunalian or heterologous promoters. 
Expression of the coding sequence in vrva can be either constitutive or regulated. 
5 For delivery using viral vectors, any of a number of viral vecton conventional in 

the art can be used, as described in Jolly, Cancer Gene Therapy 1: 51-64 (1994). For 
example, the UPA coding sequence can be inserted into plasmids designed for expression 
in reaoviral vectors, as described in Kimtira et al., Human Gene Therapy (1994) 5: 845- 
852, adenoviral vectors, as described in Connelly er aL Himtan Gene Therapy (1995) 6: 

10 1 85-193, adeno-associated viral vectors, as described in Kaplitt et ai. Nature Genetics 
(1994) 6: 148-153 and sindbis vectors. Recombinant retroviruses and various uses 
thereof have been described in numerous references including, for example, Mann et al. 
{Cell JJ;153, 1983), Cane and Mulligan {Proa Natl Acad Set USA «/:6349. 1984), 
Miller et al.. Human Gene Therapy 1 :5-14, 1990, U.S. Patent Nos.4,405,712; 4,861,719; 

15 4,980,289 and PCT Application Nos. WO 89/02,468; WO 89/05349 and WO 90/02,806, 
all incorporated by reference in M. Briefly, a foreign gene of interest may be 
incorporated into the retrovirus in place of the normal retroviral RNA. When the 
retrovirus injects its RNA into a celK the foreign gene is also introduced into the ceil, and 
may then be integrated into the host's cellular DNA as if it were the retrovirus itself. 

20 Expression of this foreign gene within the host results in expression of the foreign 
protein by the host cell. Briefly, numerous retroviral gene delivery vehicles may be 
utilized within the context of the present invention, including for example those 
described in EP 0,415,731; WO 90A)7936; WO 94/03622; WO 93/25698; WO 93/25234; 
U,S. Patent No. 5,219 J40; WO 931 1230; WO 9310218; Vile and Hart, Cancer Res. 

25 55:3860-3864, 1993; Vile and Hart, Cancer Res, ii:962-967, 1993; Ram et al.. Cancer 
Res. JJ:S3-88, 1993; Takamiya et al.,y. NeuroscL Res, ii:493.503, 1992: Babaeial.,^ 
Neurosurg. 79:729-735, 1993 (U.S. Patent No. 4,777,127, GB 2200.651, EP 0,345,242 
and WO 91/02805). Particularly preferred recombinant retroviruses include those 
described in WO 91/02805. 

30 Retroviral gene delivery vehicles of the present invention may be readily. 

constructed from a wide variety of retroviruses, including for example, B, C, and D type 
retroviruses as well as spumaviruscs and Icntiviruscs (see RNA Tumor Viruses, Second 
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Edition, Cold Spring Harbor Laboratory, 1985). Prtfcrred rctroviiuscs for the 
preparation or construction of retroviral gene delivery vehicles of the present invention 
include retroviruses selected from the group consisting of Avian Leukosis Virus, Bovine 
Leukemia Virus, Murine Leukemia Virus, Mink-Cell Focus-Inducing Virus, Murine 
Sarcoma Virus, Reticuloendotheliosis virus and Rous Sarcoma Virus. Particularly 
preferred Murine Leukemia Viruses include 4070A and 1S04A (Hartley and Rowe, J, 
ViroL 19:19-25, 1976), Abdson (ATCC No. VR.999). Friend (ATCC No. VR-245), 
Graffi, Gross (ATCC No. VR-590), Kirsten, Harvey Sarcoma Vims and Rauscher 
(ATCC No. VR-998), and Moloney Murine Leukemia Virus (ATCC No, VR- 190). Such 
retroviruses may be readily obtained from depositories or collections such as the 
American Type Culture Collection ("ATCC"; Rockville, Maryland), or isolated from 
known sources using commonly available techniques. 

Any of the above retroviruses may be readily utilized in order to assemble or 
construct retroviral gene delivery vehicles given the disclosure provided herein, and 
standard recombinant techniques (e.;., Sambnx)k et al, Molecular Cloning: A 
Laborcuory Manual^ 2d cd„ Cold Spring Harbor Laboratory Press, 1989; Kunkic, PNAS 
^2:488, 198S). In addition, within certain embodiments of the invention, pordons of the 
retroviral gene delivery vehicles may be derived from different retroviruses. For 
example, retrovcctor LTRs may be derived from a Murine Sarcoma Virus, a tRNA 
binding site from a Rous Sarcoma Virus, a packaging signal from a Murine Leukemia 
Virus, and an origin of second strand synthesis from an Avian Leukosis Virus. 

Within prcfeired aspects of the present invention, recombinant retroviruses may 
be made by introducing a vector construct as discussed above, into a eel! (termed a 
"packaging cell") v^^ch contains those elements n ecess ary for production of infectious 
recombinant retrovirus which are lacking in the vector construct. A wide variety of 
rcTOvcctor constructs may be udlizcd within the present invention in order to prepare 
recombinant retroviruses. For example, reirovecior constructs can be provided 
comprising a 5* LTR, a tRNA binding site, a packaging signal, one or more heterologous 
sequences, an origin of second strand DNA synthesis and a 3' LTR, wherein the vector 
construct lacks gag/pol or cnv coding sequences. Briefly. Long Terminal Repeats 
rLTRs") are subdivided into three elements, designated US, R and U3. These elements 
contain a variety of signals which are responsible for the biological activity of a 
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retro vims, including for example, promoter and enhancer elements which are located 
within U3. LTRs may be readily identified in the pro virus due to their precise 
duplication at either end of the genome. As utilized herein, a LTR should be 
understood to include a S* promoter element and sufficient LTR sequence to allow 

5 reverse transcriptioa and integration of the DNA form of the vector. The 3* LTR should 
be understood to include a polyadenyladon signal, and sufixcient LTR sequence to allow 
reverse transcription and mtegradon of the DNA fonn of the vector. The tRNA binding 
site and origin of second strand DNA synthesis are also important for a retrovirus to be 
biologically active, and may be readily identified by one of skill in the art For example. 

1 0 retroviral tRNA binds to a tRNA binding site by Watson-Crick base pairing, and is 
' earned with the retrovirus genome into a viral particle. The tRNA is then utilized as a 
primer for DNA synthesis by reverse transcriptase. The tRNA bindmg site may be 
readily identified based upon its location just downstream from the 5* LTR. Similarly, 
the origin of second strand DNA synthesis is, as its name implies, important for the 

1 5 second strand DNA syiuhesis of a retrovirus. This region, which is also referred to as the 
poly-ptffine tract, is located just upstream of the 3* LTR. In addition to a S' and 3' LTR, 
tRNA binding site, and origin of second strand DNA synthesis, certain pre f e r re d 
retrovector constructs which are provided herein also comprise a packaging signal, as 
well as one or more nucleic acid molecules (e.g., heterologous sequences), each of which 

20 is discussed in more detail below. 

Packaging cell lines suitable for use with the above-described retrovector 
constructs may be readily prepared (see U.S. Serial No. 08/240,030, filed May 9, 1994; 
see also WO 92/05266), and utilized to create producer cell lines (also termed vector cell 
lines or '^CLs") for the production of recombinant vector panicles. Within particularly 

25 preferred embodiments of the present invention packaging cell lines are made from 
human (eg., HT1080 cells) or mink parent cell lines, thereby allowing production of 
recombinant retroviruses ihat are capable of stirviving inactivation in human serum. 

Pnjmoien that are suitable for use with these vectors arc also conventional in the 
art and include the Moloney retroviral LTR, CMV promoter and the mouse albumin 

30 promoter. Replication incompetent free virus can be produced and injected directly into 
the animal or humans or by transduction of an autologous cell ex vivo, followed by 
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injecxion irt vivo as described in Zailoukal e/ a/.. Proc, Nasi Acad ScL USA (1994) 91: 
5148-5152. 

The coding sequence of, for example bFGF, VEGF, troponin C, ^-adrenergic 
receptor, myocyte growth factor, DAF, CD59, membrane co factor protein, ANP, 
5 dystrophin, SOD, UPA, angiogcnin, TGF-o, TGF-|3, G-CSF, placental growth factor, IL- 
8, hcpatocyte growth Cactor, instiiin-likc growth fiacior I (IGF I) prolifcrin or any of the 
other recombinant therapeutics listed herein, and chimeric and analog molecules thereof, 
can also be inserted into piasmids for expression of the polypeptide in vivo or ex vivo. 
For in vivo therapy, the coding sequence can be delivered into the intrapericardial space 

10 by direct injection, or into pericardial tissue by delivery such as, for example, those 

systems described in U.S. Patent Nos. 5,137,510, 5,213,570, and 5,269,326. Promoters 
suitable for use in this manner include endogenous and heterologous promoters such as 
those described herein. Any promoter appropriate for the expression of the gene selected 
for the therapy is contemplated by the method of the invention. The coding sequence can 

15 be injected in a formulation comprising a buffer that can stablize the coding sequence 
and facilitate transduction thereof into cells and/or provide targeting, as described in Zhu 
ei ai. Science (1993) 261: 209-21 1 . Expression of such coding sequence can be induced 
using endogetX3us mammalian or heterologous promoters. Expression of the coding 
sequence in vivo can be cither constitutive or regulated. 

20 The polynucleotide encoding a desired polypeptide or ribozymc or antiscnsc 

poiynucleoude can also be inserted into plasmid for delivery to cells and where the 
polynucleotide is a coding sequence, for expression of the desired polypeptide in vivo. 
Promoters suitable for use in this maimer include endogenous and heterologous 
promoters such as CMV. Further, a synthetic T7T7/T7 promoter can be constructed in 

2< accordance with Oien et al (1994), Nucleic Adds Res. 22: 21 14-2120, where the T7 
polymerase is urxier the regulatory control of its own promoter and drives the 
transcription of polynucleotide sequence, which is also placed under the control of a T7 
promoter. The polynucleotide can be injected in a formulation that can stablize the 
coding sequence and facilitate transduction thereof into cells and/or provide targeting, as 

30 described in Zhu et ai. Science (1993) 261: 209-2! 1. 

Exprtssion of the coding sequence of a desired pol>'peptide or replication of a 
ribozyme or antisensc polynutlcotide in vtvo upon delivery fcr gene therapy purposes by 
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either viral or non* viral vectors can be regulated for maximal efficacy and safety by use 
of regulated gene expression promoters as described in Gossen et al., Proc. Nati Acad 
ScL USA (1992) *P;5547-5551. For example, the polynucleotide transcription and/or 
translation can be regulated by tetracycline responsive promoters. These promoters can 
be regulated m a positive or negative fashion by treatment with the regulator molecule. 

For Don-viral delivery of the coding sequence, the sequence can be insened into 
conventional vectors that contain conventional control sequences for high level 
expression, and then be incubated with synthetic gene transfer molecules such as 
polymeric DNA*binding cations like poly lysine, protamine, and albumin, linked to cell 
targeting ligands such as asialoorosomucoid, as described in Wu and Wu, J. BioL Chem. 
(1987) 262: 4429-4432; insulin, as described in Hucked et ai, Biochem, Pharmacol 40: 
253-263 (1990); galactose, as described in Plank et aL, Biocoryugate Chen i;533-539 
(1992); lactose, as described in Midoux et aL Nucleic Acids Res. 21: 871-S78 (1993); or 
tiansfeirin, as described in Wagner et al,, Proc. Natl Acad Sci. USA 57;3410-34I4 
(1990). Other delivery systems include the use of liposomes to encapsulate DNA 
comprising the gene under the control of a variety of tissue-specific or ubiquitously- 
active promoters, as described in Nabel et aL Proc Nad, Acad Sci, USA 90: 1 1307- 
11311 (1993), and Philip era/.. A/o/. Cell Biol 2411.2418 (1994). Further non-viral 
delivery suitable for use includes mechanical delivery systems such as the biolistic 
approach, as described in Woffcndin et aL Proc, Natl Acad ScL USA (1994) 9If24): 
1 1581-11 585. Moreover, the coding sequence and the product of expression of such can 
be delivered through deposition of photopolymcrized hydrogel materials. Other 
conventional methods for gene delivery that can be used for delivery of the coding 
sequence include, for e.xample, use of hand held gene transfer particle gtm. as described 
in U.S. 5,149,655; use of ionizing radiation for activating transferred gene, as described 
in U.S. 5JI06,152 and PCT application WO 92/1 1033. The aforementioned arc not to the 
exclusion of additional means of facilitating of nucleic acid uptake that rely on nucleic 
charge neutralization or fusion with cell membranes or facilitate uptake, for example. 

Administration a gene for expression in the patient for a non-immunological 
effect, or a non-coding polynucleotide sequence can be accomplished by use of a 
polypeptide, a peptide, a conjugate, a liposome, a lipid, a viral vector, for example, a 
reiroviral vector a non-viral vector. 
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Polycatiooic molecules, lipids, liposomes, poly anionic molecules, or polymer 
conjugates conjugated to the polynucleotide can facilitate non-viral delivery of DNA or 
RNA. For example, polycaxionic agents for gene delivery include: polylysinc, 
polyarginine, polyomithine, and protamine. Other examples include histones, 
protamines, human serum albumin, DNA binding proteins, non-histone chromosomal 
proteins* coat proteins &om DNA viruses, such as ^X174, transcriptional &ctors also 
contain domains that bind DNA and therefore may be useful as nucleic aid condensing 
agents, for example, aCEBP. c-jun, c/os, AP-1, AP-2, AP-3, CPF, Provl, Sp-1, Oct-U 
Oa-2, CREP, and TFIID contain basic domains that bind DNA sequences. Organic 
polycaxionic agents include: spermine, spermidine, and purtresctne. The dimensions and 
of the physical propenies of a polycadonic agent can be extrapolated from the list above, 
to construct other polypeptide polycationic agents or to produce synthetic polycationic 
agents. 

Typically, the polycationic agents exhibit a predicted isoelectric point of at least 
9, excluding the terminal groups. The agents contain, excluding the terminal groups, at 
least 20% basically or positively charged monomers; more typically, at least 23%; more 
typically, 30%; even more typically, at least 33%; even more typically at least 40%; even 
more typically, at least S0%; even more typically, at least 60%. Additionally, the agents 
do not comprises greater than 5% acidic monomers and preferably none. The charge 
density and composition of the polycationic agent can be altered to accommodate the 
specific nucleic acid sequence, type, and other components included with the complex of 
nucleic acids and polycationic agent 

A preferred group of neutral polymers arc of the general formula of compounds 
of the instant invention is as follows: 



A preferred subset of these compoimds comprise where Rj is hydrogen. Even more 
preferred are polymers comprising at least one natural amino acid. Also preferred are 
polymers where and R3 are hydrogen, also referred 10 as poly N-substinitcd glycines 
or poly NSGs. 
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Monomers will be the general formula as the polycationic monomers with the 
following structure: 

R, R-> O 

Generally, R|, Ri* and R3 are organic moieties each with a molecular weight from 
1 to 250 daltons. More typically, the molecular weight is no more than 200; even more 
typically, no more than 175. Typically, the each monomer comprises one hydrogen at 
R„ R2, or R3. More, typically, either Rl and R3 are both hydrogen, the structure of a L- 
amino acid: or R2 and R3 arc both hydrogen, the structure of a NSG. Monomers to be 
utilized in the neutral agents can be either positively or negatively charged. Also, neutral 
substituents can also be uulizcd. The polymers exhibit no net positive or negative 
charge, excluding the terminal groups. 

Degradation sites can be incorporated into the polymers by using naturally 
ocairring amino acid substituents in monwncrs when R^ and Rj are hydrogen. Naturally 
occiirring amino acids and analogues are designated D-amino acids to indicate the 
chiralicy of these molecules. L*amiix> acids can also incorporated as monomers into the 
neutral polymers. Tlie substinicnts of L-amino acids can be, for example, the same as 
those named for the D-amino acids. Also, preferred are NSG to be incorporated as 
monomers. Preferred monomers are those that capable of forming hydrogen bonds with 
the polynucleotides to be delivered. 

Polymers can be linked together incorporating terminating groups or side chains 
that permit cross-linking of the polymers. For example, polymers can be linked by a 
disulfide bond. Other terminating groups useful for coupling polymers include, 
carbonate, urea, and the like. Additional components can be included in the polycationic 
agents of the instant invention, such as targeting ligands. Such additional groups can 
facilitate endocytosis of the desired nucleic acids or aid binding of the nucleic acids to 
the cell surface. 

Polypeptides can be incoiporatcd into the polycationic agents. Examples include, 
without limitation: asioloorosomucoid (ASOR); transferrin: asiaioglycoproteins; 
antibodies; antibody fragments; ferritin: interleukins. interferons, granulocjie 
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macrophagc colony stimulating factor (GM-CSF), granulocyte colony stimulating factor 
(G-CSF), macrophage colony stimulating factor (M-CSF)» stem cell factor and 
erythropoietin. Viral antigens, such as envelope proteins, can also be used. Also, 
proteins from other invasive organisms are useful, such as the 17 amino acid peptide 

s from the circumsporozoite protein of plasmodiimi falciparum Icnown as RU. 

In addition, lipop3roteins can be incorporated into the polycationic agent, such as 
low density lipoprotein, high density lipoprotein, or very low density lipoprotein. 
Mutants, fragments, or fusions of these proteins can also be used. Other groups that can 
be incorporated include without limitation: hormones, steroids, androgens, estrogens, 

10 thyroid hormone, or vitamins, folic acid. Folic acid can be incorporated into the 

polycationic agent according, for example, lo Mislick, et aL TJ. Bioconjugate Chem. 6: 
512 (1995). Also, the polycationic agents of die instant invention can be chemically 
conjugated with polyalkyiene glycol. In a preferred embodiment, the polyalkylene 
glycol is polyethlylcne glycol. PEG can be incorporated with a polycation agent 

15 according, for example, to Lu, ct al.. Int. J. Pcpt Protein Res. 43: 127 (1994). 

In addition, the polycationic agent can be chemically conjugated with mono*, di-, 
or polysaccharide. In a prefcned embodiment of this aspect, the polysaccharide is 
dextran. These additiorul groups can be incorporated within the polycationic agent For 
example, Ri, Rj, and R3 can be a substituent that is capable of being activated to cross 

20 link with any one of the above groups. For example, a thiol group could be included to 
cross link with another group to form a disulfide bond 

The terminal groups of the instant polycationic agents can be chosen as 
convenient For example, to enhance the targeting properties of the polycationic agent, 
any of the additional groups described above can be incorporated as terminal groups. 

2< The additional groups described above can be incorporated at the terminus of the 

polycationic agent For example, the polycationic agent can be (1) acylated with a 
variety of carboxylic acids; (2) sulfonylatcd with sulfonyt chlorides; or (3) derivatized 
w:th isocyanatcs or isothiocyanaics. Once activated, the terminus can be reacted with 
any of the above-mentioned groups, such as a polypeptide, such as low density 

30 lipoprotein, or folic acid. 

One means of adding a terminal group to the polycauonic agent is. for example. 

is 
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( 1 ) to acylate the amino terminus with Fmoc-amino-hcxanoic acid; and 

(2) to remove the protecting group, Fmoc, to genaate a primary amine, which can b« 
fiinher fimctionalizcd. AlteraativeJy, the amino-temiinai groups can include, without 
limitation: acyl. such as acetyl, benzoyl; or sulfonyl, such as dansyl. Carboxy temiinal 
groups can include, for example, amide or aUcyl amide. 

The following is a solid phase method for die synthesis of NSGs, which can be 
generally used for a wide variety of side<hain substituents. This method can be 
perfonned utilizing automated peptide synthesis instrumentation to pennit rapid 
synthesis of polycationic agents of interest Such instruments are commercially available 
from, for example. Applied Biosystems and Milligen. 

A method of synthesis is to assemble the monomer from two submonomers in the 
course of extending a polymer comprising a NSG monomer. This technique is described 
in Zuckcimann et a/., J Amer Qcm Soc 1 14(26): 10646-10647 (1992) and Zuckcrmann 
etal., PCT WO94/06451. TTie NSGs can also be considered to be an alternating 
condensation of copolymer of an acy lating agent and an amine. 

The direction of polymer syndtesis with the submonomers occurs in the carbox>- 
to amino direction. The soKd-phase assembly for each monomer, in the course of 
polymer formation, eliminates the need for Na-protected monomen, as only reactive 
side-chain functionaliUes need to be protected. Each monomer addition comprises two 
steps, an acylation step and a nucleophilic displacement step: (1) acylationofa 
secondary amine bound co the support with an acylating agent comprising a leav-ing 
group capable of nucleophilic displacement by an amine and a carbonyl group, 
preferably caiboxyl. An example is a haloacetic acid; and (2) nucleophilic displacement 
of the leaving group with a sufficient amount of a submonomer comprising a primary 
amino group to introduce a side-chain. The amino group containing submonomer can be 
an alkoxyamiae, semicarbazide, acyl hydrazide. substimted hydrazine or the like. 

.Acylation can be activated with carbodimide or other suiublc carboxylaie 
ac:ivation mcJiod. The efficiency of the displacement is modulated by the choice of 
halide, e.g., I>C1. Protection of aliphatic hydroxyl groups, carfaoxylic acids, carboxy, 
thiol, amino, some heterocyles, and other reactive side-chain fiinctionalities is prefencd 
to minimize undcsircd side reactions. However, the mild reactivity of some side-chain 
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moieties toward displacement or acylation may allow their use without protection., e.g.. 
mdole. imidazole, and phenol. 

NSGs can also be consnucted utilizing a three step method for assembling each 
monomer as the polymer is extended. TTie backbone of the monomer if fust extended by 
acylation step foUowed by a nucleophilic displacement The side chain b introduced by 
a second acylation step. The backbone of the monomer is assembled in the first two 
steps of the synthesis cycle. The first reaction is an acylation step where the carbonyl 
group of the acylating agent reacts with an amine. The acylating agent comprises a 
carbonyl group; a backbone, R,; and a leaving group, L. Preferably, the carbonyl group 
is carboxyl. 

The second step is a nucleophUic displacement of the leaving group by the first 
amino group of the displacing agent The displacing agent comprises a first and a second 
amino group and a backbone, R^. The first amino group is a primary amine, and the 
second step produces a secondary amine. 

The third step is another acylation in which the another acylating submonomer 
reacts with the first amino group of the displacing agent to produce a tertiary amide. Tlie 
acylation agent comprises of a carbonyl group; an optional linker, and a sidechain. 
Preferably, the carbonyl group is carboxyl. 

The polycationic agent/polynucleotide complexes, whether or not encapsulated in 
liposomes, may be administered in pharmaceuticai compositions. The pharmaceutical 
compositions will comprise therapeutically effective amount of nucleic acids. An 
effective dose for DNA delivery is from about 0.01 mg/ kg to 50 mg/kg or 0.05 mg/kg to 
about 10 mg/kg of the DNA constructs in the individual to which it is administered. 

Additional agents can be included with the desired polynucleotides to be 
delivered, for delivery in either in a gene therapy protocol, or in a nucleic acid 
vaccination protocol. Ttee additional agents can facilitate, for example, endocytosis of 
the desired nucleic acids or aid binding of the nucleic acids to the cell surface. 

Polypeptides can facilitate DNA delivery and include, for example: 
asioioorosomucoid (ASOR); transferrin; asialoglycoprotcins; antibodies: antibody 
fragments: ferritin: mterleukins: interferons, granulocyte, macrophage colony stiraulaung 
factor (GM-CSF). granulocyte colony stimulating factor (G-CSF). macrophage colony 
stimulating factor (M-CSF). «m cell factor and errJuopo'"'"- Viral antigens, such as 
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envelope proteins, can also be used. Also, proteins from other invasive organisms, such 
as the 1 7 amino acid peptide from the circimisporozoitc protein of plasmodium 
falciparum knovoi as RIL 

Certain hormones such as for example, steroids, androgens, estrogens, thyroid 
5 hormone, or the vitamin, folic acid, can aid in micldc acid delivery. 

Also, polyaikylene glycol can be included with the desired polynucleotides, such 
as, for example, the polyaikylene glycol is polyethlylene glycol. In addition, mono-, di-, 
or polysaccharides can be included, for example, the polysaccharide dextran or DEAE- 
dcxtran, and po]y(lactide<o-glycolide) 

10 Tne desired polynucleotide can also be eiKapsulated in lipids or packaged in 

liposomes prior to delivery to the patient Lipid encapsulation is generally accomplished 
using liposomes which are able to stably bind or entrap and retain nucleic acid. The ratio 
of condensed polynucleotide to lipid preparation can vary but will generally be around 
1:1 (mg DNAimicromoles lipid), or more of lipid. For a review of the use of liposomes 

\5 as carriers for delivery of nucleic acids, see. Hug and Sleight, Biochim, Biophys. Acta 
(1991) 1097: 1-17; Straubinger et ai, in METHODS OF ENZYMOLOGY (1983X 
Vol. 101, pp. 512-527. 

Liposomal preparations for use in the instant invention include cationic 
(positively charged), anionic (negatively charged) and neutral preparations. Cationic 

20 liposomes have been shown to mediate intracellular delivery of plasmid DNA (Feigner et 
aL Prt>c. Natl Acad Set USA (1987) 5^:7413-7416); mRNA (xMalone et aL Proc, Natl 
Acad Set USA (1989) 55:6077-608 1); and purified transcription factors (Debs et aL, J. 
Biol Chem. (1990) 2tfJ: 10189-101 92), in functional form. 

Cationic liposomes are readily available. For example, N[ 1-2,3- 

25 diolcyioxy)propyl]-N,N,N-triethylaiiunonium (DOTMA) liposomes arc available under 
the trademark Lipofectin, from GIBCO BRL, Grand Island, NY. (Sec, also. Feigner et 
aL. Proc Natl Acad Set USA (1987) 5-/: 74 1 3-74 1 6). Other commercially available 
liposomes include ffansfcctace (DDAB/DOPE) and DOTAP.'DOPE (Boerhingcr). Other 
cationic liposomes can be prepared from readily available materials using techniques 

30 well known in the art. See. e.g., Szoka et aL, Proc. Natl Acad, ScL USA (1 978) 

75:4194-4198: PCT Publication No. WO 90/1 1092 for a description of the synthesis of 
DOL\P {12-bis(oIeoyloxy)-3-Ctrimcihylammonio)propane) liposomes. 
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Similarly, amonic and neutral liposomes are readily available, such as from 
Avanti Polar Lipids (Birmingham, AL), or can be easily prepared using readily available 
materials. Such materials include phosphatidyl choline, cholesterol, phosphatidyl 
ethanolamine, dioleoylphosphatidyl choline (DOPC), dioleoylphosphatidyl glycerol 
(DOPG), dioleoylphoshatidyl ethanolamine (DOPE), among others. These materials can 
also be mixed with the DOTMA and DOTAP starting materials in appropriate ratios. 
Methods for making liposomes using these materials are well known in the art. 

The liposomes can comprise multilammelar vesicles (ML Vs), small unilamellar 
vesicles (SL^Vs), or large unilamellar vesicles (LUVs). The various liposome-nuclcic 
add complexes are prepared using methods known in the art. Sec, e.g., Straubingcr et 
al., in METHODS OF ENZYMOLOGY (1983), Vol. 101, pp. 512-527; Szoka ei al, 
Proc. NatL Acad ScL USA (1978) 75:4194-4198; Papahadjopoulos etaL, Biochim. 
Biophys, Acta (1975) 394:492; Wilson ct aL, CeU (1979) 77:77); Deamcr and Bangham. 
Biochim. Biophys, Ada (1976) 443:629: Ostro et o/., Biochem, Biophys. Res. Commun, 
(1977) 75:836; Fraley era/., Proa NatL Acad ScL USA (1979) 7tf:3348); Enoch and 
Strinraaner, Proc, Natl. Acad Set USA (1979) 7tf:145); Fraley etal,,I Biol Chem. 
(1980) 2J5:10431;S2X)ka and Papahadjopoulos, /*roc. //or/. /Icaife^^^ USA (1978) 
75:145; and Schaefcr-Ridda eraL Science (1982) 2/5:166. 

In addition, lipoproteins can be included with the pol>Tiuclcotidc to be delivered. 
Examples of lipoproteins to be utilized include: chylomicrons, HDL IDL, LDL, and 
VLDL. Mutants, fragments, or fusions of these proteins can also be used. Also, 
raoditlcaiions of naturally occurring lipoproteins can be used, such as acctylaled LDL. 
These lipoproteins can target the delivery of polynuclcoddcs to cells expressing 
lipoprotein receptors. Preferably, if lipoproteins arc included with the polynucleotide to 
be delivered, no other targeting ligand is included in the composition. 

If lipoproteins are included with the desired polynucleotides to be delivered, 
preferably, the composition comprises: lipoprotein, a polynucleotide, and a 
polynucleotide binding molecule. 

Naturally occurring lipoproteins are made up of a lipid and a protein portion. The 
protein portions of such molecules are Lnown as apoproteins. At the present, apoproteins 
A. B, C. D. and E have been isolated and identified. At least two of these con'^n several 
proteins, designated by Roman numerals, Al, All. AlV: CI, CIl. CIII. A lipoprotein can 
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comprise moic than one apoprotein. For example, naturally occurring chylomicrons 
comprises of A, B, C, and E, over time these lipoproteins lose A and acquire C and E 
apoproteins. VLDL comprises A, B, C. and £ apoproteins, LDL comprises apoprotein 
B; and HDL comprises apoproteins A, and E. Tne amino acid of these apoproteins are 
known and are described in, for example, Breslow, Ann Rev, Biochem 54: 699 (1985); 
Uw et aJ., Adv. Exp Med. Bioi 15 1\ 162 (1986); Chen et oL. J Biol Chem 261: 12918 
(1986); Kane et oL, Proc Natl AcadSci USA 77: 2465 (1980); and Utermann ei ai Hum 
Genet 65: 232: {mA). 

Lipoproteins contain a variety of lipids including, triglycerides, cholesterol (free 
and esters), and phospholipids. The composition of the lipids varies in naturally 
occurring lipoproteins. For example, chylomicrons comprise mainly triglycerides. A 
more detailed description of the lipid content of naturally occurring lipoproteins can be 
found, for example, in Meth. Enzym. 128 (1 986). The composition of the lipids are 
chosen to aid in conformadon of the apoprotein for receptor binding activity* The 
composition of lipids can also be chosen to facilitate hydrophobic interaction and 
association with the polynucleotide binding molecule. 

Naturally occurring lipoproteins can be isolated from serum by 
ultracentrifugation, for instance. Such methods are described in Meth. Enzy., supra; 
Pitas et al., J. Biochem, 255: 5454-5460 (1980); and Mahey et al., J Clin. Invest 64: 743- 
750 (1979). Lipoproteins can also be produced by in vitro or recombinant methods by 
expression of the apoprotein genes in a desired host cell. See, for example, Atkinson et 
al.. Annu Rev Btophys Chem 15: 403 (1986) and Radding et al., Biochim Biophys Acta 
30: 443 (1958). Lipoproteins can also be purchased from commercial suppliers, such as 
Biomedical Technologies, Inc., Stoughion, Massachusetts, USA, 

Mutants, fragments and fusion of the naturally occurring apoproteins are useful 
for delivery of polynucleotides. These polypeptides will retain more than about 80% 
amino acid identity; more typically, more than about 85%; even more typically, at least 
90%. Preferably, these polypeptides will exhibit more than about 92% amino acid 
sequence identity with naturally occurring lipoproteins or fragment thereof, more 
preferably, more than about 94Vo; even more preferably, more than about 96%; even 
more preferably, more than about 98%; even more preferably, more than about 99% 
sequence identity. 
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Such mutants, firagments and fusions can be constructed by altering the 
polynucleotides encoding the desired lipoproteins by recombinant DNA techniques. See, 
for example, Sambrook ei al., (1989) Molecular Cloning. A Laboratory Manual, 2d 
edition (Cold Spring Harbor Press, Cold Spring Harbor, New York). These 
polynucleotides can be inserted into expression vectors and host cells can be utilized to 
produce the desired apoprotein. 

In addition, naturally occurring lipoproteins, mutants, fragments, and fusions can 
be chemically altered. For example, acctylated LDL has biological activity. See, for 
example, Nagclkcrkc etaL I Biol. Chen 258(20): 12221-12227 (1983); Weisgrabcr er 
qL J. BioL Chen 253: 9053-9062 (1978); Voyu et aL J. Cell Biol. 99: 2034-2040 
(1984); Goldstein ei aL Proc. NatL Acad ScL USA 76: 333-337 (1979); and Pitas, 
Arterosclerosis I: 177-185 (1981). Chemically modified lipoproteins can also be 
purchased from commercial suppliers, such as Biomedical Technologies, luc, 
Stoughton, Massachusetts, USA. 

All of these polypeptides exhibit receptor binding properties of naturally 
occurring lipoproteins. Usually, such polypeptides exhibit at least about 20% receptor 
binding of naturally occurring lipoproteins. More typically, the polypeptides exhibit at 
least about 40%, even more typically the polypeptides exhibit at least about 60%; even 
more typically, at least about 70%; even more typically, at least about 80%; even more 
typically, at least about 85%; even more typically, at least about 90%; even more 
typically, at least about 95% receptor binding of the naturally occurring lipoproteins. 

Typically, lipoproteins are in an effective amount to increase the firequency of 
incorporation of polynucleotides into a cell. Such an amount increases the frequency of 
incorporation of polynucleotides into a cell is at least 10% greater than the frequency of 
incorporation of naked polynucleotides; more usually, at least 1 5% greater: even more 
usually, 20% greater; even more usually, at least 30%. The increase can be between 40 
10 100%, and even 1000% and 10000% increase. 

A polynucleotide binding molecule refers to those compounds that associate with 
polynucleotides, and the association is not sequence specific. For example, such 
molecules can (1) aid in neutralizing the electrical charge of polynucleotide, or (2) 
facilitate condensation of nucleotides, or (3) inhibit scrum or nuclease degradation. 
Optionally, polynucleotide binding molecules can interact with lipoproteins by citiwr 



wo 97/16169 



PCT/US96n73II 



.45. 

hydrophobic association or by charge. Polynucleotide binding molecules include, 
without limitation, polypeptides, mineral compounds, vitamins, etc. 

Examples of polynucleotide binding molecules include: polylysine, polyargininc, 
polyomithine, and protamine. Examples of organic polycations include: spermine, 
spermidine, and punrescine. Other examples include histoncs, protamines, human scrum 
albumin. DNA binding proteins, non-histone chromosomal proteins, coat proteins from 
DNA viruses, such as ^Xl 74, transcriptional factors also contain domains that bind DNA 
and therefore may be useful as nucleic aid condensing agents. Briefly, transcriptional 
factors such as C/CEBP, z-jun, c-/oj, AP-1, AP-2, AP-3, CPF, Prot-l, Sp-1 , Oct-I , Oct- 
2, CRE?, and TFIID contain basic domains that bind DNA sequences. 

Examples of other positively charged moieties include polybrene, DEAE-dextran, 
and cationic lipids. Useful cationic lipids and liposomes arc described above. Lipids and 
liposomes are not used in this aspect of the invention to encapsulate both polynucleotide 
and lipoprotein. The lipoprotein must be exposed to bind the its cell surface receptor. 

Other synthetic compounds that are capable of binding negatively charged 
polynucleotides arc uscfiil, such as polymers of N-substituted glycines. 

In a composition with a lipoprotein, the polynucleotide binding molecule can be 
in an amount effective to neutralize the polynucleotide. However, the polynucleotide 
binding molecule also can be in excess of an effective amount to neutralize the 
polynucleotide to be delivered. Such an excess can produce a net positive electrical 
charge when complexed with the polynucleotides lo be delivered. The positively 
charged complex can then interact lipoproteins that comprise negatively charged lipids, 
such as phospholipids. 

Typically, the polynucleotide binding molecule is in cxccss Awhcn the amount is 
10% greater than the amount to neutralize the polynucleotide charge; more typically, the 
amount is 50% greater; even more typically. [00% greater even more typically, 150% 
greater; even more typically, 200% greater; even more typically, 500% greater; even 
more typically, 20.000% greater, even more typically, 22,000% greater, even more 
typically, 25,000% greater, even more typically, 30.000% greater, even more typically, 
more than 40,000% greater than the amount effective to neutralize the electrical charge 
of the desired polynucleotide. 
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To practice the invention, the diagnosis of a cardiovascular condition is 
made, and the appropriate therapeutic agent or agents and dosages are detennined 
on the basis of the diagnosis. The invention is practiced to prevent, reduce or 
treat a cardiovasctiiar condition. Diagnosis can include diagnosis of the 

5 cardiovascular condition can be made using standard techniques. 

A therapeutic agem can be administered to a patient with a cardiovascular 
condition* or a patient at risk for developing a cardiovascular condition, in a protocol that 
includes administration of several therapeutic agents. Any of these therapeutic agents 
can be incorporated into an appropriate pharmaceutical composition that includes a 

1 0 pharmacemically acceptable carrier for the agent. Suitable carriers may be large, slowly 
metabolized macromolecuies such as proteins, polysaccharides, polylactic acids, 
poiyglycolic acids, polymeric amino acids, amino acid copolymers, and inactive virus 
particles. Such carriers axe well known to those of ordinary skill in the art 
Pharmaceutically acceptable salts can be used therein, for example, mineral acid salts 

15 such as hydrochlorides, hydrobromides, phosphates, sulfates, and the like; and the salts 
of organic acids such as acetates, propionates, malonates« benzoates, and the like. A 
thorough discission of pharmaceutically acceptable excipients is available in 
REMINGTON'S PHARMACEimCAL SCIENCES (Mack Pub. Co., NJ. 1991). 
Pharmaceutically acceptable carriers in therapeudc compositions may contain liquids 

20 such as water, saline, glycerol and ethanoL Additionally, auxiliary substances, such as 
wetting or emulsifying agents, pH buffering substances, and the like, may be present in 
such vehicles. Typically, the therapeutic compositions arc prepared as injectablcs, either 
as liquid solutions or suspensions; solid forms suitable for solution ia, or suspension iru 
liquid vehicles prior to iryection may also be prepared. Liposomes are included within 

25 the definition of a pharmaceurically acceptable carrier. The term "liposomes'' refers to, 
for example, the liposome compositions described in U.S. Patent No. 5,422,120, WO 
95/13796, WO 94,'23697, WO 91/14445 and HP 524.968 B! Liposomes may be 
pharmaceutical carriers for the small molecules, polypeptides or polynucleotides of the 
invention, or for combination of these therapeutics. 

20 Additionally, administration of the therapeutic agents of the invention can be 

accomplished for example, in a simaltaneuus administration, in sequential 
administration, and with the same or different phamiaccuiically acceptable carriers, as is 
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appropriaic for best accomplishing the goal of improving the patient's condition. 
Further, a therapeutic composition can be administered that includes all the therapeutic 
agents necessary to achieve the therapeutic goals of the therapy. 

Administiadon of a therapeutic of the invention, includes administering a 

5 therapeutically effective dose of the therapeutic, by a means considered or empirically 
deduced to be efifcctive for inducing the desired, therapeutic effect in the patient Bo A 
the dose and the administration means can be detcimined based on the specific qualities 
of the therapeutic, the condition of the patient, the progression of the disease, and other 
relevant factors. Administration for the therapeutic agents of the invention can include, 

10 for example, any adnunistration targeted to releasing the therapeutic agent in the 

pericardial space, including for example parenteral administration, including injection, 
catheterization, laser-created perfusion channels, a particle gun, and a pump. Parenteral 
administration can be, for example, intravenous, subcutaneous, intraderaial, or 
intramuscular, administration. 

15 The therapeutics of the invention can be administered in a therapeutically 

effective dosage and amount, in the process of a therapeutically eflfective protocol for 
treatment of the patient The initial and any subsequem dosages administered will 
depend upon the patient's age, weight, condition, and the disease, disorder or biological 
condition being treated. Depending on the therapeutic, the dosage and protocol for 

20 administration will vary, and the dosage will also depend on the method of 
administration selected, for example, local or systemic administration. 

For polypeptide therapeutics, for example, the dosage can be in the range of about 
5^g to about 50jig/kg of patient body weight, also about 50 |ag to about 5 mg/kg, also 
about 100 ^g to about 500 pg/lcg of patient body weight, and about 200 to about 250 

25 ug/kg. 

For polynucleotide therapeutics, depending on the expression of the 
polynucleotide in the patient, for tissue targeted administration, vectors containing 
cxprcssable coristnxts of coding sequences, or non-coding sequences can be 
administered in a range of about 100 ng to about 200 mg of DNA for local administration 
30 in a gene therapy protocol, also about 500 ng to about 50 mg, also about 1 ug to about 2 
mg of DNA, about 5 ug of DNA to about 500 ug of DNA, and about 20 ug to about 100 



wo 97/16169 



PCTAJS96nT311 



.48- 

ug during a local administration in a gene therapy protocol, and for example, a dosage of 
about 500 ug, per injection or administration. 

Non-coding sequences that act by a catalytic mechanism, for example, 
catalytically active ribozymes may require lower doses than non-coding sequences that 

5 are held to the restrictions of stoichomctry, as in the case of, for example, antiscnse 
molecules, although expression timitadons of the ribozymes may again raise the dosage 
requirtmcnts of ribozymes being expressed in vivo in order that they achieve efficacy in 
the padent. Factors such as method of action and efficacy of transfbrmadon and 
expression are therefore considerations that will effect the dosage required for ultimate 

10 cfiRcacy for DNA and nucleic acids. Where greater expression is desired, over a larger 
area of dssue, larger amounts of DNA or the same amounts readministered in a 
successive protocol of administrations, or several administrations to di£ferent adjacent or 
close tissue portions of for example, a tumor site, may be required to effect a positive 
therapeudc outcome. 

25 For administration of small molecule therapeutics, depending on the potency of 

the small molecule, the dosage may vary. For a very potent inhibitor, microgram (ji) 
amounts per kilogram of patient may be sufficient, for example, in the range of about 
Ipg/kg to about 500 mg/kg of patient weight, and about lOO ixg/kg to about 5 mg/kg, and 
about 1 ^g/kg to about 50 fig/lcg, and, for example, about 10 ug/kg. For administration 

20 of peptides and pcptoids the potency also affects the dosage, and may be in the range of 
about l^g/kg to about 500 mg/kg of patient weight, and about 100 ^g/kg to about 5 
mg/kg, and about 1 ^g/kg to about 50 ug/kg. and a usual dose might be about 1 0 ug/kg. 

In all cases, routine cxpcrimcnlauon in clinical trials will determine 
specific ranges for optimal therapeutic effect, for each therapeutic, each 

25 administrative protocol, and administration to specific padents vdll also be 

adjusted to within effective and safe ranges depending on the patieni condiuon 
and responsiveness to initial administrations. 

The method of the invendon applies lo any cardiovascular indication, for example 
a diagnosis of: ( I ) atherosclerosis, and conditions that predispose one to pathological 

30 atherosclerotic plaque development in the coronary arteries including lipid'cholesterol 
deposition, macrophage/inflammatory cell rccruiuncnU plaque napture. thrombosis, 
piatclci deposition, ncointimal proliferauon; (2) ischemic syndromes and attendant 
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syndromes, including but not limited to myocardial infarction, stable and unstable 
angina, coronary artery restenosis following percutaneous transluminal, coronary 
angioplasty, reperfusion injury, (3) cardiomyopathies, including but not limited to 
cardiomyopathies caused by ischemic syndromes, cardiotoxins such as alcohol and 
5 chemotherapeutic agents like adriamycin, infections, such as viral, cytomegalovirus 
(CMV), and parasitic (tiypanosoma cnizi), hypertension, metabolic diseases, (including 
but not limited to uremia, beriberi, glycogen storage disease), radiadon, neuromuscxilar 
disease (such as Duchenne*s muscular dystrophy), infiltrative diseases (including but not 
limited to sarcoidosis, hemochromatosis, amyloidosis, Fabry's disease, Hurler's 

10 syndrome), trauma, and idiopathic causes; (4) a/dysirhythniias (including but not limited 
to a/dysrrhythmias resulting &om the same causes listed above for cardiomyopathies); 
(5) infections (including bacterial, viral, fimgal, and parasitic causes); (6) cardiac tumors; 
(7) inflammatory conditions (including but not limited to myocarditis, pericardids, 
endocarditis, immune cardiac rejection and conditions resulting from idiopathic, 

15 autoimmtme, or connective dssue diseases); and (8) hypertension. 

The therapeutic agent selected for pracnce of the invention can be a drug 
or a polynucleotide, or a combination of the two, or a combination of more than 
one drug, or a combination of more than one polynucleotide. Where a drug is 
selected, the appropriate formulation of the drug for minimizing a detrimental 

20 immunological response and for maximizing the effectiveness of the drug, 

including periusion of the drug, is also selected. Some appropriate formulations 
include buffers, excipients, gels, matrices and polymers known in the art of drug 
delivery. Appropriate formulations for drags used in the practice of the invention 
also include liposomal preparations such as, for example, those disclosed in U.S. 

25 Paiem No. 5,422,120, WO 95/13796, WO 94/23697, WO 91/14445 and EP 0 524 
968-B I, particularly including heterovcsicular liposomal preparations. 
Formulations of liposomes provide an increased and sustained delivery of drugs 
much improved from the prior formulations, and such fonnulaiions are 
particularly well-suited to the method of this invention. 

30 Where the therapeutic agent selected for treatment is a polynucleotide that 

is then admimstcrcd to the pericardial space and expressed in the heart tissue, 
including but not limited to, for"cxamplc, pericardial tissue, myocardial tissue. 



wo 97/16169 



PCTAJS96/mn 



-50- 

epicardial tissue, or perivascular tissue, the polynucleotide is isolated and placed 
in a vector. The vector is, for example, a viral vector, or a plasmid vector. The 
regulatory sequences are any regulatory sequence appropriate the polynucleotide 
and other pazameters comprising the gene therapy, and can be any appropriate 
5 regulatory sequence or combination of sequences. The polynucleotides may be 
presented into the pericardial space in any formulation commonly known in the 
art including buffers, excipients, gels, matrices and polymers. Appropriate 
formulations for the polynudeoddes administered intrapericardlally in the 
practice of the invention also include liposomal preparations such as, for 
10 example, those disclosed in U.S. Patent No. 5,422,120, WO 95/13796, WO 
94/23697, WO 91/14445 and EP 524,968 Bl, particularly including the 
heterovesicular liposomal preparations disclosed in these patents and 
applications. 

The polynucleotide for delivery into the pericardial space can be prepared 

15 by any method conventional in the art, such as that described in Barr et ai. Gene 
Therapy {1994) i:5l*58, usmg replication deficient adenoviral vectors. The 
polynacleocide for intrapericardial delivery may be linked to tissue specific 
promoters or leader seqxiences for expression in cardiac muscle cells, for 
example, the untranslated leader sequence of dystrophin DNA, or regulatory 

20 regions muscle creadve kinase gene such as that described in Cox ei aL Nature 
(1993) J<W:725-729. 

Where the iherapeunc agent of the invendcn is a combination of a drug 
and a polynucleotide, appropriate formulations containing pharmaceutically 
acceptable cairicrs are also prepared for the combination. In addition, the drug 

2^ and the polynucleotide can be prepared in separate fonnulations, of the same 
formulation, and can be administered simultaneously or consecutively. 

The drugs and polynucleotides that are appropriate for the method of the 
invention include any cardiac drug or any polynucleotide that is known to or is 
expected to prevent, reduce or urat a cardiovascular condition. Some examples 

30 of such drugs and polynucleotides are listed below. They include, but are not 
limited to: 
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( 1 ) an agent used for treatment of coronary artery occlusion or 
reocclusion (as occurs in atherosclerosis, thrombosis, or restenosis), including an 
inhibitor of lipid/cholesterol syn±esis/deposition (such as, for example, fish oil, 
HMG), and an inhibitor of macrophage/inflammatory ceil recniitment or 

5 activation, such as, for example, NF-kB inhibitors like IkB, pyrolidine 

dithiocarbamate, and N-acetyi cysteine, microtubule inhibitors like colchicine and 
Taxol, and any antiinflammatory agent any antithrombotic agent, any andplatelet 
agent, and an inhibitor of neointimal proliferation; 

(2) an agent directed at the prevendon, treatment, or reduction of 

10 attendant effects of the myocardial ischemic syndromes, including, for example, 

(a) an anti*apoptoac agent, such as, for example, an inhibitor 
of interleukin lb converting enzyme; 

(b) a thrombolytic agent, such as, for example, tissue 
plasminogen activator (TP A), urokinase plasminogen activator (UP A), urokinase, 

15 Streptokinase, an inhibitor of a2 plasmin inhibitor, and an inhibitor of 
plasminogen activator inhibitor- 1; 

(c) a pro-angiogenic agent, such as, for example, basic and 
acidic fibroblast growth factor, FGF-5, vascular endothelial growth factor, 
angiogenin, transforming growth factor alpha and beta, tumor necrosis factor 

20 alpha, platelet derived growth factor, placental growth factor, hcpatocyte growth 
factor, and proliferin; 

(d) a complement blocker, such as, for example, decay 
accelerating factor, 

(e) an inhibitor of rcpcrfiision injury, such as, for example. 

25 CAB.2; 

(0 a calcium channel blocker, such as, for example, dildazem; 

(g) a beta-blocker, such as, for example, propranolol; 

(h) an alterload reducer, such as. for example, hydralazine; 

(i) a preload reducer, such as, for example, nitroglycerin; 
jO (j) an anti-thrombotic agent, such as, for example, tissue 

fac:cr pathway inhibitor, heparin, hirudin, protein C, protein S, anti-ihrombin III. 
lick anti-coagulant peptide (TAP), and antistasin; 
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(k) an antiplatelci agent, such as, for example, a glycoprotein 
Ilb/IIIa antagonist; 

(I) a cyciooxygenase inhibitor, such as, for example, aspirin or 
non-steroidal anti-inflammatory agents, prosiacylint or agents that increase 
5 platelet cAMP; 

(m) an anti*proliferative agent, such as, for example, 
riborymcs, antisensc oligonucleotides, antibodies, protein, peptide, or small 
molecule inhibitors against c-myb, ras/raf, PI3 kinase, cyclins, or such as, for 
example, suicide proteins/genes such as, for example, herpes thymidine kinase or 
10 proapoptotic proteins/genes like fas, faf, interieukin 1 P converting enzyme; 

(n) an inhibitor of reactive oxygen metabolites, such as, for 
example, superoxide dismutasc, N-acetyl cysteine, pyrolidinc dithiocarbamate, 
vitamin E derivatives, and metal ion chelators; and 

(o) an antiangiogenic agent, such as, for example, platelet 
13 factor 4, thrombospondin, a tissue inhibitor of a metalloproteinase, prolactin, 
bFGF soluble receptor, angiostatin, TFG-P, intcrfcron-o, and proliferin-related 
protein; 

(3) an agent to prevent, reduce, or treat cardiomyopathy, including 
(a) the above list for ischemic syndromes; and also including 
20 (b) a contractility improving agent, such as, for example. 



digitalis; 
1 (IGF-l); 



(c) a myocyte growth factor, such as insulin-like growth factor 



(d) a cardioprotective agent, such as, for example, Cardioxane; 
25 (c) an iron-chelating agent, such as. for example, 

desferoxamine; 

(f) an ami-viral or ami-parasitic agent, 

(g) a free radical scavenger, such as, for example, superoxide 

dismutase: and 

30 (h) the replacement of genes or proteins which may be 

deficient or downregulated during the dcvclopmcnl of cardiomyopathy, such as. 
for example, troponin C or the beia-adreaerzic receptor. 
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(4) an antiairhythmic agent including, for example, adenos^^ 
propranolol, digoxin, lidocainc, brctylium, amiodaronc, and verapamil; 

(5) an antibiotic agent, including, for example, antibacterial, antivirals anti- 
fungaU and antiparasitic agents; 

3 (6) an anti^tumor agent, including, for example, chemotherapcutic agents or 

radiation scnsitizeis or radioactive implants; 

(7) an anti-inflammatory agent including, for example, an anri-i nfl a mm a t ory 

or immunomodulating agent, such as, for example, non-steroidal anti-inflammatory 

agents, cyclosporin, chemotherapcutic agents, and complement inhibitors; and 
10 (8) an anti-hypertensive agent, including but not limited to, for 

example, hydralazine, propranolol, atrial naturctic peptide, and endothciin 

antagonists. 

Administration of the therapeutic agent into the pericardial space is 
accomplished by a means appropriate to the cardiovascular condition of the 

15 patient, the therapeutic agent and its formulation, and the goals of the treatment. 
Repeated or continuous administration over a period of time is also contemplated 
by the invention. In general, any method appropriate for local delivery of a 
therapeutic to any part of the body is ap^wopriatc for administration into the 
pericardial space. These methods include, for example, injection, catheterization, 

20 laser-created perfusion channels, cannulization, a particle gun, and a pump. 

In order to maximize the perfusion of the myocardial tissues dimng the 
treatment by the method of the invention, the invention can be practiced by first 
administering to the pericardial space proangiogcnic factors to increase 
vascularization of myocardial tissue, fonnulating agents such that tissue 

25 penetration by the agent is enhanced, or by first creating perfusion channels in the 
myocardial tissue wiUi a laser. Subsequently, the therapeutic agent is 
administered into the pericardial space, and the perfusion to tissue and cells of the 
agent is increased. 

Also, a therapeutically effective amount of an anti-inflanunatory agent to 
30 counteract an inflammatory response to administnuon of the polyntxleotidc can 
be administered either before, contemporaneously with, or after administration of 
the polynucleotide. 
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The pharmaceutical agent including a polynucleotide can be a polynucleotide that 
encodes a polypeptide including for example, anii-apoptotic agent, a thrombolytic agent, 
a pio-angiogcnic agent, an anti-artythmic agent a contractility improving agent, a 
complement blocker, an inhibitor of repcrftision injury, an calcium channel blocker, a 
beta-blocker, an afterload reducer, a preload reducer, an anti-thrombotic agent, an anti- 
platelet agent, anti-proliferative agent, an anti-inflammatOTy agent, an 
immunomodulating agent, an immunosuppressive agent, an inhibitor of reactive oxygen 
metabolites, an anti-angiogcnic agent, a vasoactive agent, a cardioprotective agent, an 
iron-chelating agent, an anti-hypertensive agent, an anti-intcgrin agent, a pro-apoptotic 
agent, an anti-viral agent, an anti-parasitic agent, a free radical scavenger, a protein that 
may be deficient or downregulated during the development of cardiomyopathy, a 
biologically active fragment thereof, or a chimera thereof. 

Tlie drug also part of the pharmaceutical that includes the polynucleotide can 
include, for example, an anti-apoptotic agent, a thrombolytic agent, a pro-angiogenic 
agent, an anti-arrythmic agent, a contractility improving agent, a complement blocker, an 
inhibitor of repcrftision injury, a calciian channel blocker, a beta-blocker, an afterload 
reducer, a preload reducer, an acti-thrombotic agent, an anti-piatelet agent, anti- 
proliferative agent, an anti-inflammatory agent, an immimomodulanng agent, an 
immunosuppressive agent, an inhibitor of reactive oxygen metabolites, an anti- 
angiogenic agent, a myocyte growth factor, a vasoactive agent, a cardioprotective agent, 
an iron-chelating agent, an anti-hypertensive agent, an anti-integrin agent, a pro- 
apoptouc agent, an anti-vital agent, an anti-parasitic agent, a free radical scavenger, and a 
protein that may be deficient or downregulated during development of cardiomyopathy, 
or a biologically active derivative thereof. 

Efficacy of myocardial revascidarization by laser can be augmented by 
administering a therapeutic agent such as a proangiogcnic agent like basis fibroblast 
growth factor (bFGF). or a gene encoding bFGF. into the pericardial space in close 
pTOximit>* lo the laser revascularization procedure. 

Trcannent of cardiomyopathy can be accomplished by administering to the 
pcncardial space agents that improve contraaility of the myocardial tissue. For example, 
it is known that severe arterial hypotension that is unresponsive to volume replacement 
can be treated in titrated doses with continous infusion of dopamine at an amount and 
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concentntion of about 400 mg/250ml of 5% D/W (1 .6mg/ral) beginning at 3 to 5 
ug/kg/min, and including also epinephrine, norepinephrine or phenylephrine as described 
in The Merck Manual. (Bcricow Ed. Merck Res. Lab., Rahway. NJ. 16th Edition 
(1992), pg. 534. In addition, other adminstrative protocols are possible, for example, 

5 administering a polynucleotide encoding L-aromaiic amino acid decarboxylase to the 
pericardial space. L-aromatic amino acid decarboxylase converts L-Dopa to dopamine 
which drug can improve contractility of myocardial tissue. L-aromatic amino acid 
decarboxylase can be administered either in the polynucleotide form for expression in 
ceUs in the pericardial space, the polynucleotide form transfectcd into ceils removed 

1 0 from the pericardial space which are then readministered to the pericardial space for 

expression of the of L-aromatic amino acid decarboxylase, or in the polypeptide form of 
L-aromatic amino acid decarboxylase. L-aromatic amino acid decarboxylase allows the 
metabolism of L-Dopa to dopamine, an active agent in improving cardiac muscle 
contractility. Coincident with or in combination with an administration of L-aromatic 

15 amino acid decarboxylase, can thus be administered any combination of the following: 
L-Dopa systemically or L-Dopa locally to the pericardial space. Additionally, for 
example, die elements which make up L-Dopa can be administered: including tyrosine 
and the enzyme that converts tyrosine to L-Dopa called tyrosine hydroxylase. Tyrosine 
hydroxylase can be administered as a protein having activity or as a polynucleotide for 

20 expression in the cells of the pericardial space, or some cells of the pericardium can be 
removed and transfectcd with the tyrosine hydroxylase and the transfected cells can be 
returned to the pericardial space for expression of the enzyme therein. 

Any polynucleotide for administration to the patient can be expressed in vitro (in 
cells removed from the patient and replaced after transformation into the pericardial 

25 space) or in vivo (in the patient by administration of the polynucleotide into the 

pericardial space) from a viral vector, indudmg. for example, a vector derived from a 
retrovirus, an adenovirus, an adeno-associated virus, a herpes virus, an alpha virus, a 
semliki forest virus, or a sindbis virus. The viral vector can include a gene, for example a 
suicide gene, for the purpose of inactivating expression of the polynucleotide at an 

30 appropriate or necessary time. Thus the viral vector capable of expressing the 

polvr.uclcotide therapeutic can also contain, for example, a thymidine kinase gene from 
the Herpes simplex virus. Gancyclovir can be administered to the patient and a cell 
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expressing the ihymidinc kinase will enable phosphorylation of gancyclow which makes 
gancyclovir become toxic which kills the cell. Thus, the expression of the 
polynucleotide of interest is stopped. Other genes which when combined with a pro-drug 
like gancyclovir can also be used for this purpose, for example the PNP gene. 

A chaperone molecule can be administered before, contemporaneously 
with or after administration of the polynucleotide therapeutic, and the chaperone 
molecule can be, for example, a heat shock protein, such as, for example hsp70. 
Further, the polynucleotide being expressed in the cardiac patient can be linked to 
an inducible promoter, for example a heart tissue specific promoter, for the 
purpose of, for example, for ensuring expression of the polynucleotide only in the 
myocyotes adjacent to the pericardial space. Additionally, for the purpose of 
effectively deUvcring the polynucleotide to heart tissue, the polynucleotide can be 
flanked by nucleotide sequences suitable for integration into genome of 
myocytes. 

Further objects, features, and advantages of the present invention will become 
apparent from the detailed description. It should be understood, however, that the 
detailed description, while indicating prefcned embodiments of the invention, is given by 
way of illustration only, since various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled in the an from this detailed 
description. Also, the invention is not limited by any theories of mechanism of the 
method of the invention. 

A coding sequence for bFGF is isolated by standard recombinant DNA 
techniques and placed in a plasmid vector having appropriate regulatory regions 
for expression of the bFGF polypeptide in a mycyie. The plasmid is delivered by 
laparoscopic cannulation to the pericardial space of a cardiac patient who has 
suffered a mycardial infarcnon. The plasmid is delivered as naked DNA. in an 
amount appropriate for the patient, in a liposomal preparation.. Also 
administered in the pharmaceutical composition is a heparin polypeptide. The 
patient is monitored for improved heart function and rcadministration of the 
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bFGF polynucleotide with the heparin polypeptide is repeated for several 
adnunistiations as necessary for patient recovery. 
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1 . A method of treatmeni or prevention of a cardiovascular indication in a 

patient comprising, 

(a) providing a phaimaccutical composition comprising a therapeutically 
effective amount of a first therapeutic agent, that comprises a polynucleotide, and 

(b) administering intrapericardially to the patient the pharmaceutical 
composiuon. 

2. The method of claim 1, the phaimaccutical composition further 
comprising a therapeutically effective amount of a second therapeutic agent, that 
comprises a drug. 

3. The method of claim I, comprising administering to the patient a second 
therapeutic agent, wherein the second therapeutic agent is administered cither before, 
contemporaneously with or after the administration of the first therapeutic agent 

4. The method of claim 1 , wherein the polynucleotide is associated with at 
least one selected from the group consisting of a liposome, cyclodcxtrin liposome, 
heterovcsicular liposome, a synthetic membrane vesicle, a gel, a polymer, an excipient, 
matrices, a charged panicle and a buffer. 

5. The method of claim 4, wherein the liposome is a cyclodcxtrin liposome 
or a hcicrovesicular liposome. 

6. The method of claim 1 . whcrtin the polynucleotide comprises a plasmid. 

7. The method of claim 1 . wherein the polynucleotide comprises a viraJ 

vector. 
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8. The method of claim 7, comprises a viral vector selected from the group 
consisting of a rctrovinis, an adenovirus, an adeno-associatcd virus, a herpes virus, an 
alpha virus, a seniliki forest virus, and a sindbis virus. 

9. The method of claim 2, wherein the drug is associated with at least one 
selected from liposome, a synthetic membrane vesicle, a gel, a polymer, an excipieni, 
matrices, and a buffer. 

10. The method of claim 3, wherein the polynucleotide and the drug are 
associated with at least one selected from the group consisting of a liposome, a synthetic 
membrane vesicle, a gel, a polymer, an cxcipicnt, matrices, a charged particle and a 
buffer. 

11. The method of claim 2, comprising a second therapeutic agent selected 
from the group consisting of an anti-apoptotic agent, a thrombolytic agent, a pro- 
angiogenic agent, an anti-arrylhmic agenU a contractility improving agent, a complement 
blocker, an inhibitor of repcrfusion injury, a calcium channel blocker, a beta-blocker, an 
afterload reducer, a preload reducer, an anti-thrombouc agent, an anti-platelet agent, anti- 
proliferative agent, an anti-inflammatory agent an iramunomodulating agent, an 
immunosuppressive agent, an inhibitor of reactive oxygen metabolites, an anti- 
angiogcnic agent, a myocyte growth factor, a vasoactive agent, a cardioprotective agent, 
an iron-chelaiing agent, an anti-hypenensivc agent, an anti-integrin agent, a pro- 
apoptotic agent, an anii-virai agent, an anti -parasitic agent, a free radical scavenger, and a 
protem that may be deficient or downregulaied during development of cardiomyopathy, 
and a biologically active derivative thereof. 

12. The method for claim I , wherein the polynucleotide encodes a protein that 
may be deficient or downrcgulated during development of cardiomyopathy. 

13. The method of claim 12, wherein the protein that may be deficient or 
downreguiated during development of cardiomyopathy is troponin C. 
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14. The method of claim 1 1 , wherein the polynucleotide encodes a beta- 
adrenergic receptor. 

1 5. The method of claim 1 , wherein the cardiovasctilar indication is 
associated with a condition selected from the group consisting of coronary artery 
occlusion, ischemic syndromes, cardiomyopathy, arrhythmia or dysrrhythmia, infections, 
and an inflammatory condition. 

1 6. The method of claim 1 5, wherein the condition of coronary artery 
occlusion results from or is associated with one selected from the group consisting of 
lipid/choiesierol deposition, macrophage/inflammatory cell recruitment, plaque rupture, 
thrombosis, platelet deposition, and neoinlimal proliferation. 

1 7. The method of claim 1 5, wherein the condition of ischemic syndrome 
results from or is associated with one selected torn the group consisting of myocardial 
infarction, stable angina, unstable angina, coronary artery restenosis and rcperfusion 
injury. 

18. The method of claim 1 5, wherein the condition of cardiomyopathy results 
or associated with from one selected from the group consisting of an ischemic syndrome, 
a cardiotoxin, an infection, hypertension, a metabolic disease, radiation, a neuromuscular 
disease, an infiltrative disease, trauma, and an idiopathic cause. 

19. Tne method of claim 1 8, wherein the cardiotoxin is adriamycin. 

20. The method of claim 18. wherein ihc infiltrative disease is one selected 
from die group consisting of sarcoidosis, hemochromatosis, amyloidosis, Fabry's 
disease, and Hurler's syndrome. 

2 1 . The method of claim 1 8, wherein the metabolic disease is one selected 
from ±e group consisting of uremia, benber. and glycogen storage disease. 
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22. The method of claim 1 5, wherein the condition of arrhythmia or 
dysrythmia results fiom or is associated with one selected from the group consisting of 
ischemic syndrome, a cardiotoxin, adriamycin, an infection, hypenension, a metabolic 
disease, radiation, a neurorausctilar disease, an infiltrative disease, trauma, and an 
idiopathic cause. 



23 , The method of claim 1 8, wherein the infection is caused by at least 
selected from the group consisting of a bacterium, a virus, a fungus, and a parasite. 



one 



24. The method of claim 1 5, wherein the inflammatory condition is associated 
with at least one selected from the group consisting of myocarditis, pericarditis, 
endocarditis, immune cardiac rejection, and an inflammatory conditions resulting from 
one of idiopathic autoimmune, and connective tissue diseases. 

25. The method of claim 1 , wherein the fust therapeutic agent is an inhibitor. 

26. The method of claim 25, comprising an inhibitor selected from the group 
consisting of an inhibitor of Upid or cholesterol synthesis or deposition, an inhibitor of 
macrophage or inflammatory cell reatiitment or activation, a microtubule inhibitor, an 
and-inflammaiory agent, an anti-throrabotic agent, an anu-platelet agent, and an inhibitor 
of neointimal proliferation. 

27. The method ofclaim 25, comprising an inhibitor of NFicB. 

28. The method of claim 27, comprising an inhibitor of NFicB inhibitor 
select from the group consisting of 1KB, PDTC. NAC metal chelators and anti- 
oxidants. 

29. The method of claim 1 5. comprising a first therapeutic agent selected 
from the group consisting of an anti-apoptotic agent, a thrombolyiic agent, a pro- 
angiogaiic agent, a complement blocker, an inhibitor of reperfjsion injury, a calcium 
channel blocker, a beta-blocker; an afterioad reducer, a preload reducer, an anti- 
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ihrombotic agent, an anti-platclct agcnL anti-prolifcraiivc agent, an inhibitor of reactive 
oxygen metabolites, an anti*angiogenic agent, a biologically active fragment thereof, and 
a chimera thereof 

30. The method of claim 29, comprising an and-prolifcrarive agent selected 
from the group consisting of a ribozyme^ an antiscnse oligonucleotide, an antibody, an 
inhibitor against one of c-myb, ras, raf. PI3 kinase, and cydin, a suicide protein, a suicide 
gene, a proapoptotic protein, and a proapoptotic gene. 

3 1 . The method of claim 30, comprising an inhibitor selected from the group 
consisting of a protein, a peptide, an oligopeptide or a small molecule. 

32. The method of claim 30, comprising the suicide protein Herpes thymidine 

kinase. 

33. The method of claim 30, con^msing suicide gene comprising a 
polynucleotide encoding Herpes thymidine k in ase. 

34. The method of claim 30, comprising a proapoptotic protein selected from 
the group consisting of fas, fab, and interleukin lb converting cnz>Tne. 

35. The method of claim 30, comprising a proapoptotic gene comprises a 
polynucleotide encoding one selected from the group consisting of fas, fab and 
interleukin lb converting enzyme. 

36. The method of claim 1 1 , comprising an anii-angiogcnic agent selected 
from the group consisting of platelet factor 4, thrombospondin, a tissue inhibitor of a 
mctalocroieinase, angiostatin, TFG-p, intcrfcron-a. a prolifcrin-related protein, a 
biologically active fragment thereof, and a chimera thereof 
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37. The method of claim 1 1, comprising an anti-aunor ageai selected ftom the 
group consisting of a chemotherapeutic agent, a radiation sensitizer, and a radioactive 
impianL 

38. The method of claim 1 1, comprising an antibiotic selected from the group 
consisting of an anti-viral agent, anii-trypanosomai agent, anti-bacterial agent, and an 
anti-fungal agent 

39. The method of claim 1 1, comprising an immunomodulating agent selected 
from the group consisting of a cytotoxic agent, a steroid, cyclosporin, and a complement 
inhibitor. 



40. The method of claim 39, comprising a complement inhibitor selected 
from the group consisting of DAF, CAB-2, a biologically active fragmem thereof, and a 
chimera thereof. 



41. The method of claim 1 1 , comprising an antiinflammatory agent selected 
from the group consisting of a steroid, a non-steroidal antiinflammatory agent, 
cyclosporin, a chemotherapeutic agent, and a complement inhibitor. 

42. The method of claim 1 1 , comprising an anti-arrhythmic agent selected 
from the group consisting of adenosine, quinidine, propranolol, digoxin, lidocaine, 
hretylium, amiodarone, and verapamil 

43. The method of claim 1 1 , comprising an anii-hypencnsive agent selected 
from the group consisting of hydralazine, propranolol, atrial namreiic peptide, and an 
endotheiin antagonist. 



44. The method of claim 1 , comprising a polynucleoude encoding a 
polypeptide selected from the group consisting of anti-apoptotic agents a thrombolytic 
agent, a pro-angiogcnic agent an anii-arrythmic agent a contractility improving agent a 
complement blocker an inhibitor of rcpernision injury, an calc:um channel blocker, a 
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bcu-blockcr, an afterload reducer, a preload reducer, an anti-thrombotic agent, an anti- 
platelet agent anU-piolifcrativc agent, an anti-inflammaiory agcnu an 
immunomodulating agent, an inununosuppressive agent, an inhibitor of reactive oxygen 
metabolites, an anti-angiogenic agent, a vasoactive agent, a cardioprotective agent an 
iron-chclating agent an anti-hypertensive agent an anti-intcgrin agent a pro-apoptotic 
agent an anti-viral agent an anti-parasitic agent a free radical scavenger, a protein that 
may be deficient or downregulated during the development of cardiomyopathy, a 
biologically active fragment thereof and a chimera thereof 

45. The method of claim 44, wherein the protein that may be deficient or 
downregulated during development of cardio-myopathy is troponin C or beta-adrenergic 
receptor. 

46. The method of claim 1 , comprising a polynucleotide encoding a 
polypeptide selected from the group consisting of an inhibitor of imcrleuidn 1 P 
converting enzyme, tissue plasminogen activator (iPA), urokinase plasnunogen activator 
(uPA). urokinase, streptokinase, an inhibitor of al plasmin inhibitor, an inhibitor of 
plasminogen activator inhibitor-1 (PAI-I), basic fibroblast growth factor (bFGF), acidic 
fibroblast growtii factor (aFGF), vascular endothelial cell growth factor (VEGF), 
angiogenin, transforming growth factor a (TGF-a), transforming growth factor p (TGF- 
P), rumor necrosis factor-a (TNF-a), platelet derived growth factor (PDGF). placental 
growth factor (PGF), hcpatocyte growtii factor, proliferin, decay accelerating factor, 
CAB-2, tissue factor pathway inhibitor G7PI), heparin, hirudin, protein C, protein S. 
anti-thrombin III, tick anti-coagulant peptide (TAP), anti-stasin, glycoprotein Ilb/IIa 
antagonist antibodies. Herpes tiiymidine kinase, fas, faf, platelet faaor 4, 
ihrombospondin, a tissue inhibitor of a mctalloprotcinasc, prolactin, bFGF soluble 
receptor, a proliferin-relatcd protein, myocyte growtii factor, superoxide dismutase 
(SOD), troponin C, beta-adrenergic receptor, insulin-like growtii factor I (IGF-I) a 
biologically active fragment thereof, and a chimera thereof 

47. The mctiiod of claim 1 , wherein administering intrapcricardially 
comprises delivery into the pericardial space by an administration selected from tiie 
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gioup consisting of injection, catheterization, laser-created perfusion channels, 
cannulization, a particle gun, and pump. 

48. The method of claim 1 fuither comprising step (c) enhancing access of 
the first therapeutic agent to myocardial tissue prior to administering the phar m a c eutical 
composition. 

49. The method of claim 48, wherein etihancing ac ce ss comprises a step 
selected from the group consisting of increasing penetration of myocardial tissue by the 
agent, and creating perfusion channels. 

50. The method of claim 49, wherein increasing penetration comprises 
administering intrapericardially proangiogenic factor to increase vascularization of 
myocardial tissue. 

5 1 . The method of claim 49, wherein increasing penetration comprises using a 
fonnulaiion that increases tissue penetration of the therapeutic agent 

52. The method ofclaim 4, wherein the liposome comprises Oepofoam®. 

53. The method of claim 4, wherein the gel comprises Focalgel®. 

54. The method ofclaim 9, wherein the liposome comprises Depofoam®, 

55. The method of claim 9. wherein the gel comprises Focalgel®. 

56. A kit for intrapericardial delivery of a pharmaceutical composition for 
treatment or prevention of a cardiovascular indication comprising a catheter for 
intrapericardial delivery and the pharmaceutical composition that comprises a 
polynucicotide. 
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57. The kit of claim 56, comprising a polynucleoude encoding a polypeptide 
selected from the group of an anti-apoptotic agent, a thrombolytic agent, a pro- 
angiogenic agent, an anti-arrythmic agent, a contractility improving agent, a complement 
blocker, an inhibitor of teperftision injury, an calcium channel blocker, a beta-blocker, an 
afterload reducer, a preload reducer, an anti-thrombotic agent, an anti-platclei agent, anti- 
proUfcrative agent, an anti-inflammatory agent, an immunomodulating agent, an 
immunosuppressive agent, an inhibitor of reactive oxygen metabolites, an anti- 
angiogenic agent, a vasoactive agent, a cardioprotective agent, an iion-chelating agcm, an 
anti-hypertensive agent, an anti-integrin agent, a pro-apoptotic agent, an anti-viral agent, 
an anti-parasitic agent, a ftee radical scavenger, a protein that may be deficient or 
downicgulated during the development of cardiomyopathy, a biologically active 
fragment thereof, and a chimera thereof. 

58. The kit of claim 56, comprising a polynucleotide encoding a polypeptide 
selected from the group consisting of an inhibitor of intciieukin 1(3 converting enzyme, 
tissue plasminogen activator (tPA). urokinase plasminogen activator (uPA), urokinase, 
strepwkinasc, an inhibitor of a2 plasmin inhibitor, an inhibitor of plasminogen activator 
inhibitor-l (PAl-1). basic fibroblast growth factor (bFGF), acidic fibroblast growth factor 
(aFGF). vascular endo±elial cell growth factor (VEGF), angiogcnin, transforming 
growth factor a (TGF-a), transforming growth factor p (TGF-P). tumor necrosis fector-a 
(TNF-a), platelet derived growth factor (PDGF), placenul growth factor (PGF), 
hepatocyte growth factor, proliferin, decay acceleraung factor. CAB-2. tissue factor 
pathway inhibitor (TFPI). heparin, hirudin, protein C, protein S, anti-thrombin III, tick 
anti-coagulam pepdde (TAP), anti-stasin. glycoprotein Ilb/Ila antagonist antibodies. 
Herpes thymidine kinase, fas, faf. platelet factor 4, thrombospondin, a tissue inhibitor of 
a metalloproteinasc, prolactin, bFGF soluble receptor, a proliferin-related protein, 
myocyte growth factor, superoxide dismutase (SOD), troponin C, beu-adrenergic 
receptor, insulin-like growth factor I (IGF-I) a biologically active fragment thereof, and a 
chimera thereof 



59. The kit of claim 56. further comprising a drug. 



wo 97/16169 



PCr/US96n731l 



-67. 

60 The kit of claim 59, comprising a drug selected from the group consisting 
of an anti-apoptotic agent, a thrombolytic agent, a pro-angiogcnic agcm, an anti- 
anythmic agent, a contractility improving agent, a complement blocker, an inhibitor of 
icpcrfiision injury, a calcium channel blocker, a beta-blocker, an afterload reducer, a 
pieload reducer, an anti-thrombotic agent, an anti-platelet agent. anti-i»olifcraiivc agent, 
an anti-inflammatory agent, an immunomodulating agent, an immunosuppressive agent, 
an inhibitor of reacdve oxygen metabolites, an and-angiogenic agent, a myocyte growth 
fector, a vasoactive agent, a cardioprotective agent, an iron-chclaring agent, an and- 
hypertensive agent, an anti-integrin agent, a pn>apoptotic agent, an anti-viral agent, an 
anii-paiasidc agent, a free radical scavenger, and a protein that may be deficient or 
do^vnregulated during development of cardiomyopathy, and a biologically active 
derivative thereof. 

61 . A pharmaceutical composition for intrapericardial delivery for treatment 
of a cardiovascular indication comprising a polynucleotide. 

62. The pharmaceutical composition of claim 6 1 . fiarthcr comprising a drug. 

63. The pharmaceutical composition of claim 6 1 . comprising a polynucleotide 
encoding a polypeptide selected from the group of anti-apoptotic agent, a thrombolytic 
agent, a pro-angiogenic agent, an anti-arrythmic agent, a contractility improving agent a 
complement blocker, an inhibitor of reperfusion injury, an calcium channel blocker, a 
beta-blocte, an afterload reducer, a preload reducer, an anti-thrombotic agent, an anti- 
platelet agent, anti-proliferarivc agent, an anti-inflammatory agent, an 
immunomodulating agent, an inununosuppressivc agent, an inhibitor of reactive oxygen 
metabolites, an and-angiogcnic agent, a vasoactive agcm, a cardioprotecuvc agent, an 
iron-cheiating agent, an anti-hypertensive agent, an anti-inicgrin agent, a pro-apoptotic 
agcnc an anu-viral agent, an anti-parasitic agent, a free radical scavenger, a protein that 
may be deficient or downrcgulated during the devciopmcnt of cardiomyopathy, a 
biologically active fragment thereof, and a chimera thereof. 
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64. The phannaceutical composition of claim 62. comprising a drug selected 
from the group consisting of an aati-apoptotic agent, a thrombolytic agent, a pco- 
angiogcnic agent, an anii-anythmic agent, a contiaciility improving agent, a complement 
blocker, an inhibitor of reperfusion injury, a calcium channel blocker, a beta-blocker, an 
aftcrioad reducer, a preload reducer, an anti-thrombotic agent, an anti-platdct agent, anti- 
proliferative agent, an anti-inflammatory agent, an immunomodufcmng agent, an 
immunosuppressive agent, an inhibitor of reactive oxygen metabolites, an anti- 
angiogenic agent, a myocyte growth &cior. a vasoacdvc agent, a cardioprotective agent, 
an iron-<helating agent, an anti-hypertensive agem, an anti-imegrin agent, a pro- 
apoptotic agent, an anti-viial agent, an anti-parasitic agent, a fee radical scavenger, and a 
protein that may be deficiem or downiegulated during development of caidioroyopaxhy. 
and a biologically active derivative thereof. 

65. The pharmaceutical composition of claim 6 1 wherein the polynucleotide 
comprises a viral vector. 

66. The phannaceutical composition of claim 65 comprising a vital vector 
selected from the group consisting of a retrovirus, an adcnovinis, an adeno-associated 
vims, a herpes vims, an alpha virus, a seraliki forest virus, and a sindbis virus. 

67. The method of claim 1 . further comprising administering to the patiem a 
theiapcuticaUy effective amount of an anti-inflammatory agent to counteract an 
inflammatory response to administration of the first iherapeuuc agent, wherein the anti- 
inflammatory agent is administered before, contemporaneously with, or after 
administration of the first therapeutic agent. 

68. The method of claim 3. further comprising administering to the patient a 
therapeutically sfFecrive amount of an anu-inflammatory agent to counteract an 
inflammatory response to administration of the first and second therapeutic agent, 
wherein e anti-inflammatory agem is administered before, contemporaneously with, or 
after acmimsration of the first therapeutic agent. 
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69. The method of claim 7, wherein the viral vecojr comprises a herpes 
simplex thymidine kinase gene for inactivating the viral vector upon administraiion of 
gancyclovir. 

70. The method of claim 1, further comprising administering a chaperone 
molecule before, contemporaneously wiA or after administration of the first therapeutic 
agenL 

71. The method of claim 70, wherein the chaperone molecule is a heat shock 
protein. 

72. The method of claim 7 1 , wherein the heat shock protein is h5p70. 

73. The method of claim 1 , wherein the polynucleotide is linked to an 
inducible promoter. 

74. The method of claim 1 , wherein the polynucleotide is linked to a tissue 
specific promoter. 

75. The method of claim 1 , wherein the polynucleotide is flanked by 
nucleotide sequence suitable for intcgratiwi into genome of myocytes, 

76. The method of claim 1 1 comprising the proangiogenic factor is basic 
fibroblast growth factor (bFGF). 

77. The method of claim 44 wherein the proangiogenic is factor basic 
fibroblast growth factor (bFGF). 

78. The kit of claim 57 wherein the proangiogenic factor is basic fibroblast 
growth factor (bFGF). 
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79. The pharmaceutical composition of claim 63 wherein the proangiogcaic 
factor is basic fibroblast growth Eactor (bFGF). 

80. The method of claim 1 wherein the polynucleotide comprises L-aromaiic 
amino add decarboxylase. 

81. The method of claim 80 fiather comprising administering a second 
therapeutic agent selected from die group consisting of L-Dopa, tyrosine, a 
polynucleotide encoding tyrosine hydroxylase, and a tyrosine hydroxylase polypeptide. 



INTERNATIONAL SEARCH REPORT 



Immr rul AppticMOfi No 

PCT/US 96/17311 



A. CXASSIHCAnON Of- SUBJECT MATTER 

IPC 6 A61K9/90 A61K48/G0 A51H29/Q0 



A<CDr^ %o taCTWt^ PUKM Oiiaf>c»on <lfO or <d both fuoowit duaftcwn IPC 



a FIELDS SEARCHED 



IPC 6 A61K 



EhcoMM OM auf «DnMi<a ttmnt «M iMiuacatl nnh tnam* •( dtu ««• «A «h«< pnciut. n««« tMiM iMdt 



C DOCUMENTS CONSIOERa) TO 86 KEL6VANT 



CiKioiy' G(neao(MamBkMaiiMiaMn,w*acipprapnaie.ortKiilcvM 



KctrtamiodMm No. 



WO 96 39838 A (INDIANA UNIVERSIH 
FOUNDATION] 19 December 1996 



see claims 1-18 

see page 19, line 1 - line 21 



1,4,6-8. 

12-26, 
29.39. 
44-47, 
56-58. 
61.62. 
65.66. 
77,78 



m Ufiid 01 tic ( 



Ou t oa nt t n ttftnac 1m gamrU um/m a< tfw art ««Kn ts noi 
omAivd ;d be 0^ pnculv icimncc 
'E* <ai««r anoiimibMipMMHtf oeor Utcr ttr nimMOoail 
filmf uic 

*L' dsctanoM lirtkclimAy Otfow 4Mte OR ^cnty dM(t) or 
wttidi n ou« to cnjnloii tm puUictaon oiu H mltcr 
acMon or Mticr fptau rt«aaa (u ^^6ctf) 

'O' docmn rtfcmivc to « or^ dudonn. 10c csAienao or 
000 moftt 

'P' teuncm pvaiitfi^ pnor to ilt> lAienaDaMl Uim% 4iae out 
U«rr 4uA Ik* pn«nty d«u datntd 



I tfiB pnnoplt or ttcovy wdoiymf 9w 

cmot be eeoBdm* ae«« or cmiom bi i«ifciirt « 

cntatoi Jkm 



*Y* dKtfMM of p««niv rricvmec «M darned mvcnooa 
cmoi be eoasdcrca to invmvc «i mwaaiw orp «hcn iht 
dacwnot ts oDmbOMd wtt one or nov atHcr tudi docu- 
imntx *»dk aomtenjao* bonf obvMui 10 • pcnon AiDcd 

■I Alt. 

'4' dooamnemenbcr of the uflK patcnc tonoty 



25 February 1997 



Otu of fluiitfif of ttkc wumnonMi Kireft report 



1 01 97 



N4fTic tfU m«UAf 40dnai of ttc ISA 

Eunocan PMnt Omec. P.B. Sill Puaum ; 

NL • UIO HV RiBMih 

Td. { -31 '01 l40-aH0,Tx. II WI cpo lO, 



Siatou, E 



page I of 2 





INTERNATIONAL SEARCH REPORT 


(futr nU ApplKaaon 

PCT/U5 96/17311 


C4Co«tuiiu»«ai» OOCUMESn CONSIDCHED TO b£ RELEVANT 






OuAott of doeumcm. wOi MUQon. vim tpprapnaic. ol nc r^om pamca 




Y 


AHERICAN HEART JOURNAL. 

vol. 129, no. 5. May 1995. USA. 

pages 924-931. XPdee618320 

C. LANDAU ET AL: 'Intraperi cardial basic 

fibroblast growth factor induces 

myocardial angiogenesis in a rabbit nodel 

of chronic ischemia* 

^ee abstract 




1-4. 

6-12, 

15-24. 

29. 3Q. 

44-47, 

56-66, 

73-79 


T 


WO 94 27612 A (BAYLOR COLLEGE OF MEDICINE) 
8 December 1994 

see claims 1-44 

nmam H lin^ 14 - line 26 


- 


1-4. 

6-12. 

15-24, 

29.30, 

44-47. 

56-66. 

73-79 


A 


GENE THERAPY, 

vol. 1, 1 January 1994, 

pages 51-58, XPe00563621 

E. BARR ET AL: "Efficient 

catheter-mediated gene transfer into the 

h»Art ucina r^nl i rati on-defective 

adenovirus* 

cited in the application 
see the whole document 




1-81 


A 


CIRCULATION, 

vol. 91, no! 2. 15 January 1995, 
pages 541-548, XPeeOS6874Q 
E. G. NABEL: 'Gene Therapy for 
Cardiovascular Disease' 
see the whole document 




1-81 


A 


US 5 269 326 A (R. L. VERRIER) 14 Oecen*)er 
1993 

cited in the application 
see the whole document 




1-81 


A 


! KO 92 10221 A (HALLINCXROOT MEDICAL INC.) 
25 June 1992 
see the whole document 
& US 5 137 510 A 
cited in the application 




1-81 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



l»iBr -Aii AppkcBton No 

PCT/US 96/17311 



Pucni docwntni 
died in search rvpan 



wo 9639836 A 



fubicauiMi 



19-12-96 



Pucm Tamily 
fncmbcff s) 



NONE 



Pubtiemiton 



wo 9427612 


A 


08-12-94 


AU 


7019494 A 


20-12-94 


US 5269326 


A 


14-12-93 


AU 


2916392 A 


21-05-93 








CA 


2122038 A 


29-04-93 








EP 


0746376 A 


11-12-96 








WO 


9307931 A 


29-04-93 


UO 9210221 


A 


25-06-92 


US 


5213570 A 


25-05-93 








us 


5137510 A 


11-08-92 








AU 


642840 8 


28-10-93 








AU 


9174191 A 


08-07-92 








CA 


2076009 A 


15-06-92 








EP 


0515676 A 


02-12-92 








JP 


5505131 T 


.05-06-93 



form rcr l&A UO i^MM (iMf mmat limtf ltV7> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
DfBLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



IsJ-LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




